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PHfcFACE 


Rial,  ’ 


\i!  Fyt't'i'tfl  i’/'iVi  >ni('*u' :::  n,’  F!cati\ m;, f:'.*  Radial  ’ •>: 

is  a publication  researched  and  prepared  by  the  Franklin 
Research  Center,  Science  Information  Service.  Organ i zat i on , 
under  contract  to  the  National  Telecommunications  and  Infor- 
mation Administration  ( N T I A ) ; funding  provided  by  the  ll.S. 
Navy  under  interagency  agreement  with  NTIA. 


This  digest  serves  as  a vehicle  through  which  current 
documentation  of  research  highlights  on  the  biological 
effects  and  health  implications  of  nonionizing  electro- 
magnetic radiation  (microwave  and  other  radio  freguency 
radiation)  are  compiled,  condensed,  and  disseminated  on 
a regular  basis.  PialoiTiaa!  FF/’i'afti  0/  .V, 

F.',-  ‘tr-onianat  tV  Radi<ttian  is  intended  to  be  a highly 
useful  current  awareness  tool  for  scientists  engaged 
in  research  or  related  activities.  The  great  number 
and  diversity  of  relevant  publications  make  imperative 
the  availability  of  the  service  to  persons  whose  work 
reguires  that  they  keep  abreast  of  current  developments 
in  the  field. 


Pioloijiaai  f'f’/Vofa  at'  \'ouian:  zina  F;  ;'a  Fa>r:at  iati 

is  published  quarterly.  The  issues  of  Volume  III,  and  future 
volumes,  will  include  materials  received  during  the  preceding 
three  months.  Each  issue  will  include  news  items  and 
announcements,  a listing  of  meetings  and  conferences, 
abstracts  of  current  literature,  and  a directory  of  current 
research.  Materials  for  which  full  text  is  not  available 
will  be  included  as  summary  abstracts. 


ABBREVIATIONS  AND  ACRONYMS 


A,  amp  - ampere(s) 

0 

A - angstrom(s) 

BRH  - Bureau  of  Radiological  Health 

C - centigrade 

cm  - cent imeter (s) 

cps  - cycles  per  second 

dB  - decibel (s) 

EPA  - Environmental  Protection  Agency 
FDA  - Food  and  Drug  Administration 
g - gram(s) 

G - Gauss 
GHz  - gigahertz 

HEW  - Health,  Education,  and  Welfare 
hr  - hour 
Hz  - hertz 

IEEE  - Institute  of  Electronic  and 
Electrical  Engineers 
IMPI  - International  Microwave  Power 
I nst  i tute 

IU  - international  unit(s) 

J - j ou 1 e ( s ) 
k - ki lo-- 

1 - 1 i ter (s) 
m - meter(s) 
m - mi  1 1 i — 

M - mega-- 

mho  - unit  of  measurement  of 
conduct i v i ty 
min  - minute(s) 
mo  - month(s) 
n - nano-- 


NBS  - National  Bureau  of  Standard 
NIH  - National  Institutes  of  Health 
NSF  - National  Science  Foundation 
NIOSH  - National  Institute  for 
Occupational  Safety  and 
Heal th 

NTIA  - National  Te 1 ecommun icat ions 

and  Information  Administration 
NTIS  - National  Technical  Information 
Service 
Oe  - oersted(s) 

OSHA  - Occupational  Safety  and  Health 
Admin i strat ion 

OTP  - Office  of  Telecommunications 
Pol  icy 

PHS  - Public  Health  Service 
rad  - radiation  absorbed  dose 
R - roentgen(s) 
r pm  - revolutions  per  minute 
sec  - second (s) 

USAFSAM  - U. S.  Air  Force  School  of 
Aerospace  Medicine 

USDA  - U.S.  Department  of  Agriculture 
UV  - ultraviolet 
V - volt(s) 

VA  -Veterans  Administration 
W -watt (s) 

Wb  - Weber(s) 

WHO  - World  Health  Organization 
wk  - week(s) 
wt  - weight 
yr  - year (s) 


g - micro-- 
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NEWS  ITEMS 


SENATE  COMMITTEE  REPORT  CALLS  FOR  MORE  RADIATION  RESEARCH 

The  Senate  Committee  on  Commerce,  Science  and  Trans- 
port, in  a report  on  radiation  health  and  safety 
issued  in  December,  1978,  is  calling  for  "experi- 
mental and  epidemiological  studies  to  determine  the 
biological  and/or  behavioral  effects  of  long-term 
exposure  to  low-levels  of  all  forms  of  radiation." 

But  it  is  particularly  concerned  by  the  uncertainty 
surrounding  the  effects  of  long-term  exposure  to 
nonionizing  e lec t romagne t i c radiation,  such  as 
microwaves.  "Research  on  the  health  effects  of  non- 
ionizing radiation  has  been  given  an  unacceptably  low 
priority  throughout  the  Federal  establishment.  Only 
about  $9  million  are  spent  each  year  for  research  on 
the  biological  effects  of  nonionizing  radiation." 

The  committee  endorses  the  research  priorities  of 
the  National  Telecommunications  and  Information 
Administration.  These  are  (l)  experimental  research 
on  the  effect  of  long-term,  low-level  exposures;  (2) 
studies  of  persons  exposed  at  work  and  in  the  home; 

(3)  investment  in  basic  research;  and  (k)  improved 
measurement  techniques  and  methods  for  extrapolating 
from  animal  experiments.  The  committee  also  wants 
OSHA  to  give  greater  priority  to  the  control  of 
radiation  hazards — particularly  from  nonionizing 
radiation.  For  example,  it  wants  OSHA  to  reexamine 
its  current  voluntary  standard  on  nonionizing  radia- 
tion (which,  surveys  show,  is  widely  disregarded) 
and  make  a mandatory  standard.  Standards  for  non- 
ionizing radiation  in  the  environment  outside  the 
workplace  should  be  considered  and  the  Office  of 
Technology  Assessment  should  investigate  the  impact 
of  such  standards. 

New  Scientist  181(1138):  156;  ’979. 


BRH  COMPILES  MICROWAVE-OVEN  LABELING  EXEMPTION  GUIDELINES 

A document  entitled  "Guidelines  for  Exemption  from 
the  Microwave  Oven  Labeling  Requirements  of  21  CFR 
1030. 10(c) (6) (i)"  has  been  compiled  and  is  available 
from  the  BRH.  The  guidelines  were  developed  to  aid 
in  the  preparation  and  evaluation  of  petitions  for 
exemption  from  the  labeling  requirements  of  the 
microwave  oven  performance  standard.  The  standard 
requires  that  a label  be  attached  to  microwave  ovens 
to  remind  users  of  certain  safety  precautions.  The 
warning  must  read  as  follows:  "Precautions  for  use 
to  avoid  possible  exposure  to  excessive  microwave 
energy:  Do  not  attempt  to  operate  this  oven  with: 

(a)  object  caught  in  door,  (b)  door  that  does  not 
close  properly,  (c)  damaged  door,  hinge,  latch,  or 
sealing  surface."  The  standard  also  permits  the 
Bureau  to  approve  a request  for  exemption  from 
displaying  this  warning  if  it  finds  the  oven  will 
not  exceed  the  allowable  emission  limits  when 
operated  under  the  conditions  listed  on  the  label. 

The  Bureau  developed  the  guidelines  after  reviews 
of  exemption  requests  submitted  by  several  manufac- 
turers indicated  that  more  definitive  guidance  on 
specific  tests  and  criteria  was  needed  for  use  in 
preparing  and  evaluating  such  submissions.  In 
addition  to  providing  a uniform  methodology  whereby 
both  manufacturers  and  the  Bureau  can  determine 


whether  a specific  oven  model  qualifies  for  exemp- 
tion from  the  labeling  requ i rements , the  document 
also  contains  a summary  of  the  rationale  used  for 
developing  each  of  the  tests  and  criteria. 

BRH  Bulletin  1 3 ( 1 ) : 5;  1979. 


MICROWAVE  BIOEFFECTS  AND  RADIATION  SAFETY 
ONE  DAY  SHORT  COURSE 

IMPI,  in  cooperation  with  the  Radiation  Protection 
Services  of  the  British  Columbia  Ministry  of  Health, 
is  sponsoring  a 1-day  short  course  dealing  with 
microwave  bioeffects  and  radiation  safety  to  be 
held  June  15,  1979  at  the  Four  Seasons  Hotel  in 
Vancouver,  British  Columbia,  Canada.  The  program 
will  include  the  basic  principles  and  concepts  of 
radio  waves  and  microwaves,  microwave  biophysics, 
biologic  and  pathophysiologic  effects  of  microwave 
radiation,  protection  standards,  control  of  exposure 
in  Canada,  low  frequency  power  line  studies,  and 
measurement  of  potentially  hazardous  fields.  A 
panel  discussion  moderated  by  Dr.  M.  Wayne  Greene, 
head  of  the  Radiation  Protection  Services  of  the 
British  Columbia  Ministry  of  Health  will  conclude 
the  session. 

IMPI  News  Release 


RADAR  BIOEFFECTS  TO  BE  STUDIED 

Biologic  effects  caused  by  typical  radars  will  be 
studied  by  researchers  at  the  University  of  Washing- 
ton, Seattle,  WA,  under  contract  to  Wright-Patterson 
Air  Force  Base,  OH  to  determine  if  low-power  radar 
signals,  on  the  order  of  1 mW/cm2  at  k50  MHz,  have 
adverse  effects  on  humens.  Absorption  at  k50  MHz 
will  be  determined  thermograph i cal ly  using  an  infra- 
red scan  on  a gelatin-filled  human  mock-up.  Compara- 
ble absorption  will  then  be  induced  in  rats  at  2,k50 
MHz,  with  concurrent  pos t i r rad iat ion  analysis  of  the 
test  animals.  After  the  proper  power  level  is  de- 
termined, 20  rats  will  be  irradiated  for  3 mo  (with 
20  control  animals)  in  a pilot  test  sometime  next 
year  to  "shake  down"  the  system.  If  all  goes  well, 
100  rats  will  then  be  irradiated  for  3 mo  using  100 
waveguides,  with  100  inactive  waveguides  for  the  con- 
trol animals.  "Since  most  radars  use  rotating  pulsed 
beams,  we'll  irradiate  the  rats  using  groups  of 
pulses,"  says  Dr.  A.  William  Guy,  project  engineer. 

A microprocessor  will  be  used  to  control  signal 
transmission  with  a representative  irradiation 
pattern  being  10  pulse  groups  per  sec  using  10- 
usec  pulse  widths  and  a duty  cycle  of  0.005.  Charac- 
teristics of  the  incident  radiation  will  be  varied 
to  simulate  a number  of  radars.  The  rats  will  be 
exposed  to  circularly  polarized  signals  using  20-cm 
diameter  waveguides,  and  Guy  expects  6 0-70 £ of 
incident  energy  to  be  absorbed  by  the  rats.  The 
3-yr  study  was  initiated  in  October,  1977  with 
$887,000  allocated  for  the  first  18  mo,  and  $1.2 
million  forthcoming  for  the  second  18  mo.  "There's 
never  been  a microwave  study  conducted  in  the  US  for 
this  long  and  at  these  power  levels,"  states  Guy. 
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Uimi-teim  \U»lir^  havrn'I  t>cc»  . oi'.lui  Ir.l  ' '*  * ft*‘ 

i, .»sl  be.au-..-  funding  iu't  ha»nt  born  available, 

hr  r.u'ainc  «r«.iuhn>  typical l>  only  ba»<- 
am.ucjb  funding  to  Irrj.lutr  animate  ».«'  ■>  '<•>•  I.’V' 
According  u>  Cuy . about  $M  Um  ».i>  yp*»t 

bi.**tfn.tc  during  tnr  lact  *.  S'.  v«Ml< 

j. fM.ir  ...ntracf.  in  tbe  $S0 ,000-$ 1 00 , 000  rangy 
The  study  •*..•>  * undrd  partially  be.  ..use  of  t bp  gn.« 
i„.|  concern  over  t bp  rHr.t.  of  low  l»>WPt  pip. 
nagnativ  radiation,  and  be.aucr  of  nontbrimal  pltp.  t1 
rr(iorteii  »>»  Soviet  ifMMrv^ 
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SWEDISH  HkSk  AHCHk  MS  Cl  II  HAHMHU  MICHOWAVl  tftOkfkkClS 

H i c r owa  ve  radiation  can  rff  fry  l »p»pl  r«l  loi>,  t he  heart, 
and  t > pi  phi  .tl  tOi'tPX,  .iy  v of  ili  ng  ! o am  a r C I v.  I e in 
l . • • , the  Journal  of  Sweden's  National 

pptmNp  Research  Institute  Animal  studies  revealed 
that  ni  c roMAVP  energy  c«n  Also  t r i qqer  th,ini)PN  in 
hormone  Activity  And  inllupiur  the  heroatopoiet i c 
Test  .toi'Ml-.,  chlptiy  fitp,  • vpfp  placed 
at  various  distances  from  a 2.AS-6M/  generator  to 
Achieve  radiation  intensities  ot  100,  10,  and  \ 

•W  \ in  i spe  i i men  t s on  ">  • c e t pvpjIpvI  t ha  t a t ad  t a 
lion  intensity  of  100  mW  c m can  he  fatal  whrn  main 
tallied  for  r»  min,  t«hi  )r  tests  on  frogs  revealed  that 
pulsed  pnpi  y]v  At  0 b W \ m*  is  sufficient  to  At  tec  t 
heartbeats  and  to  in.  rease  blood  pressure  Other 
deleter)  ous  effects  ob  se  t ve  * t iu  I ude  a fed  m t ii*n 
in  the  number  iv t yells  l bat  'eait  to  noise  and  pain, 
and  changes  *n  pupil  re.iv  t • on  Sweden  currently  bas 
a radiation  celling  of  I **W  v . wbicb  is  one  tenth 
the  ll  S standafd 

u \.,v  W lUC'  »*».  >979 


HI  All  M t FHC1S  F MOM  HAOIO  F HIOUINCV 
MADIA  HON  TO  lit  STUOlfO 

I tie  American  Health  f oundaf  •»>»>,  unde*  ennt  r .u  t with 
the  hRM,  has  initiated  a study  of  t tie  possible  adverse 
health  effects  associated  with  exposure  to  low  level 
radii*  frequency  radiation  from  microwave  and  shortwave 
.Dather  r»y  equipment  The  contiav  t call-.  for  a group 
o»  "to  I e physical  therapist*  and  their  offspring  to  te 
studied  through  the  use  c*f  * ’willed  que*.  t i onna  I r e , 
with  several  followups  planned  for  noni espondent* 

The  feasibility  *’f  conducting  sm  h a survey  was 

deteimifved  by  a pretest,  and  the  full  scale  survey 
w.is  Initiated  in  October  1 0 ’8  with  t hr  mailing  of 
ques  t i onna  ires  tv*  "ale  members  c»f  the  Amr»  if  an  F’hys 
leal  lhrrapy  Assoc  iation  The  objective  of  t tie  study 
is  t c • determine  whether  physical  therapists  oi  t he i i 
of  f spr  i ncj  su  f f e i adverse  health  effects  related  tv* 
occupational  use  of  diathermy  equipment  For  t he 
therapists,  the  study  will  consider  such  health 
effects  is  cataracts,  high  Hood  pressure,  sterility, 
and  persistent  fat l que.  dizziness,  insomnia,  or 
headaches  For  the  offspring,  fetal  and  infant 
Mortality,  lew*  birtfv  weight  and  congenita!  mal 
format  ions  will  be  evaluated  Therapists  are  being 
asked  tv»  supply  Information  about  medical  and  work 
histories  for  themselves  and  their  wives  Items 


regarding  smoking,  as  yyy  I I as  espos  u»  e to  ionizing 
and  mm  i c»n  I Z • ng  radiation  and  to  chemicals,  aie 
included  in  the  que st ionna l re  Analysis  of  t hr 
data  will  at  tempt  to  relate  health  and  reproductive 
outcomes  to  the  use  of  diathermy  equipment  sv*  the 
l*v*ssit*le  associations  can  he  Identified  Although 
sv'utcrs  generating  radio  frequency  energy  have 
increased  greatly  in  the  past  10  yr  , there  have 
been  relatively  few  studies  of  the  possible  biologic 
effects  in  human  population*  The  present  study  will 
provide  a basis  foi  the  development  v*f  gui  dance  t on 
cern  ing  oc  c.  upa  t • o >a  I arid  vjeneial  populat  ion  exposures 

H(?>  Id,  I A 7^ 
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British  physician.  Or  F K t Hanning,  citing  the 
therapeutic  benefits  of  shot t wave  diathermy  tc*  the 

spinal  cord  in  the  treatment  of  nearly  ^00  her pe% 

Zoster  cases,  refutes  claims  t ha t the  effects  ire 

merely’  psyc  hosomat  1 c According  to  Harming,  "a  la'ge 
body  of  local  prai t i t » oners  and  their  patients  w • II 
beat  witness  to  the  fact  of  the  rapid  relief  of 
symptoms,  particularly  of  postherpetic  neuralgia, 
that  t h i s simple  t i eat  "*ent  can  .itforcf 

v,  t (f  |»,8>  TU,  I A ’M 


HHHLHVUOPS  tkSf  FACfltlV  U>  SUPPOM1 
MIOMOWAVk  l»l  A f HI  MMV  SI  AMDAKD 

A f Ac  i I 1 t y f c*i  **easut  l ng  t he  e I ei  t • i c A I p 1 ope  it.es 
of  t be  phantoms  of  simulated  fat  and  muscle  t • sscie 
that  are  used  In  evaluating  mitiowavr  .1 1 .i  t f,e • "'v 
applicator*  hji-,  been  developed  and  put  intv'  opei  at  ion 
by  t r»e  f lev  1 1 o"va c)ne  t i c s Bi  .ns  h c» ♦ t fve  BRM  C i v i •.  i on 
of  tlectrvsnlc  Products  Such  .e.isur  e«vn  t s an*  needed 
to  determine  whether  the  dielectric  pi  one  Hie*,  v'f  t he 
phantoms-  such  as  v onduc t l v i t v and  permittivity  '’e 
within  the  limit*  set  by  the  proposed  pe r f or nvmcr 
st  a-dard  ft>r  micri'wave  diathermy  equipment,  ami  a I sv* 
t v'  suppor  t Bu»  eau  s t ud i es  v'f  ot  fie • a»fenc  i e s ’ v I i » i . .r  • 
prv*cji  zms  in  ■»  i *.  rowave  invluced  hype  • t hei  • a t'r.'l  v»l- 
v'f  earner  Three  i-'etfx'ds  for  making  routine  dielec 
ti  iv  "vasiir  extent  s « '»*  llquici  and  se"'  i sol  • »•  mate'  a I s 
at  microwave  freqwenc  ies  presently  ate  being  used  in 
the  facility  t I T an  r"tj»e.fanve  p»«»be  method,  .» 

shc'i  t line  method,  and  t a twe'  impedance  method 
Insta I lat ion  of  a Bureau  developed  se  o automated 
ne  t 'A* i k ana  I y /e r with  aul o"Vi  tic  c a 1 i hr  at  i v'n  and 
coiiecti  'n  features  has  "vide  it  pc'ssible  to  *'t*t.»  1 
accurate  results  with  all  three  technique*  The 
i"Vedaiue  prc'be  met  ht»d,  which  was  developed  t*\  t he 
Weotqta  Institute  v'f  lec  hrn'loqy  and  im'ditied  t*\  t h%- 
Bviieau,  she'w*.  promi  se  for  highly  accurate  and  ie 
1H*atable  h*  asm  e"vn  t s c»n  liquids  and  se'«isv*l  ' .h 
The  technique  involves  t fie  vise  ot  a tins  "ononolv 
antenna  inserted  in  tv*  the  sample  I’Vilei  ial  1 f'«* 
input  iiMpedancv  c»t  t tw*  pfc'be  dei'ends  v'n  the  pi  ope  • 
ties  of  t hr  sample,  and  these  proper!  ies  cars  K- 
cle«  ived  t i v'i"  -i  network  analyzer  mea*u»  ement  v'f  the 
probe*  * input  impedance  The  sf*o»  t line  ‘*elhod  is 
t t'r  most  widely  u*ed  tec  fin  I que  for  dielectric 
"*e a sui  emen  t s » • * , an  be  used  v.  i t *'  *.« * I t ds  . 1 • cju ' 1 , 
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and  %«ml  wlld%.  The  oetM'rk  .vu  I \ :ci  enables  a 
very  4vv  ur«tc  determinat  Ion  of  the  pi  ope  r t i e \ of 
a sample  I n a xhorled  line  T he  |w»-  li'VCiifur 
•xrthod  wax  dev#  bv  t hi*  Bureau  and  i > similar 

to  the  x Nor  ted  line  method,  except  ne<»iuii,iv«t'  are 
made  on  both  ,<  »hi*r(fd  line  end  .1  terminated  line 
live  of  the  network  analy.'er  makes  t h I s technique 
feasible  and  accurate.  f urther  M<rk  in  progress  on 
the  network  ana  I y/er  system,  when  combined  with  pie 
vision  N.i'v'r*  holders  and  probe  % which  alx*'  .» re  undei 
dev#  lopeient , i\  expected  to  Improve  the  bureau's 
dielectric  m#a  x ui  e*Rent  facility  tv'  a state  of  the  ait 
system  for  microwave  measurement s It  Is  anticipated 
that  this  facility  will  he  used  tv'  provide  assistance 
tv'  c'the*  university  and  government  lahorator  I es  as 
well  as  tv'  Bureau  programs 
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Techniques  fc'i  evaluating  the  irl.il  oe  effectiveness 
and  safety  of  microwave  diathermy  applicators  have 
t'een  develv'ped  hv  the  BRM  The  effectiveness  c'f  an 
applicator  Is  determined  hy  measuring  the  heating 
v'at  terns  Induced  In  phantoms  In  order  to  obtain  the 
rate  of  energy  deposition  or  spec  I f I c absorption 
rate  (SARI  The  safety  is  vie  ter  mined  hy  measur  Ing 
the  microwave  leakage  at  k cm  ficw*  the  boundary  of 
the  phantom  applicator  comb l nation  According  tv' 

t fie  proposed  standard,  a leakage  of  not  more  than 
10  "W  cm  at  an  kAR  of  .'Ik  W 'kg  Is  regulred  tor 
safety  The  Bureau  already  has  evaluated  several 

2,Ak0-  and  'MS  MM  j hyperthermia  applicators  tc'r 
such  clinical  users  as  the  Radiation  Oncology 
Therapy  Group  and  is  continuing  to  perform  similar 
evaluations  for  others. 
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STUDY  SNOWS  NO  EFFECT  ON  MORTALITY 
FOLLOWING  OCCUPATIONAL  EXPOSURE  TO  RADAR 

An  ep  I vlem  1 1'  I og  I c study  c'f  a large  group  c'f  U . $ . nay  a I 
enlisted  *vn  c'c  c upat  Ic'na  I I y esposed  tv'  radar  v'yet  20 
vr  ago  has  sh\>wn  that  the  men's  exposure  to  'll  < 1 owave 
radiation  had  no  ad  verse  effevts  v>n  long-term  mortall- 
ty  patterns  c'r  on  hospitalised  Illness  around  the  time 
c'f  exposure.  The  study,  which  was  supported  by  .1  BRM 
contract,  was  conducted  h\  t f>e  Medical  fol  low  up 
Agency  c'f  the  National  Research  Council,  National 
Academy  of  Sciences,  under  the  direction  c'f  hr.  Oennlx 
Robinette  and  Mr.  Seymour  Jab  I on  The  study  popula 

t • on  I nv  I tided  approxlmatel  y AO,  000  ’'yen  who  served  in 
the  Navy  during  the  Korean  War  per  Ic'd  c'f  I9R0  to  19k  I* 
Of  these  men,  approx  Ima  t e I v 20,000  eve  re  electronic 
equipment  repair  personnel  who  had  maximum  potential 
for  exposure,  and  .'0,000  were  equipment  ov'efators  whe' 
had  minimal  potential  for  exposure.  The  exposures 


were  assessed  In  terms  of  c'c  c up.it  1 0114 1 duties,  length 
c'f  time  in  occupation,  and  ivwei  c'f  equipment  at  t Ice 
time  c'f  exposure  The  health  indexes  studied  included 
•Mortality  by  cause  c'f  death,  hosp  i t a I i *a  t Ion  during 
service,  later  hosp  I t a I I *a  t I c>n  In  Veterans  Adminlstra 
t i c'n  facilities,  and  disability  c vvvnis.it  Ion  Oat  a c'r' 
these  health  Indexes  were  obtained  largely  through  t he 
use  c'f  Autcvnated  r ec  c'r  d systems  Bev  .ruse  t he  types  ,>f 
i nfc'r  mat  i c'ti  obtained  were  limited  by  the  availability 
v'f  data  c'n  v c'ecpcj  t e r tapes,  other  aspects  of  health  and 
exposure  rrlec.net  to  possible  microwave  effects  could 
not  be  I nves  t I ga  t ed , For  example,  it  was  not  possible 
tv'  vie  t ermine  hospital  care  outside  l he  Navy  ami  Vet 
e rails  Admi  n l st  r at  ion  'i'te",  the  frequency  and  nature 
v'f  less  serious  medical  vOrivlitlcvis  duiing  and  after 
seivlve,  reproductive  performance,  health  v'f  pf  f 
spring,  or  employr'ient  hlstc'ry  after  discharge  frtxro 
set  vUe.  An  extension  v'f  l fee  study  tv'  Investigate 
these  other  questions  is  possible,  howe  vet  , si  me  a 
subsample  v'f  llvinq  men  with  high  and  Iv'w  e six' sure 
patterns  durinq  service  can  he  Identified  fv'i  1 nd  1 
v i dua  I Fv'l  I c'wup 
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t'vvnment  I ng  c'n  the  env  I r c'nment  a I Impact  c'f  the  proposed 
hoi  41  I'c'wei  Satellite  \ t arrxmt  s\ ion  system,  Or  . 

f'eter  l Glaser  , Vice  President  v'f  Inglneei  Ing  Sv  1 
ei'ces,  Arthur  0 little,  Inc  , states  that  the  SPS 
micfc'waye  transmission  system  must  be  designed  si' 
that  the  range  of  frequencies  and  microwave  powei 
flux  densities  will  meet  future  internal  Iona  I stand 
ards  At  present,  vai  ious  standards  tc'«  mlcrc'wave 
exposure  have  been  est  ab  I I shed , ranging  from  IP  mW  u« 
fv'i  the  t» . S to  0.0  l mW  \ m fc'i  the  Soviet  Uni  c'n 
Whereas  the  U.S  standard  Is  based  c'ti  microwave  heat 
ing  v'f  body  tissue,  the  Sc'viet  Union's  standard  is 
based  c'n  possible  effects  c'n  the  central  nervous 
system,  even  at  low  exposure  levels  Glaser  points 
out  that  the  SPS  will  incorporate  several  fail-safe 
features  to  assure  control  c'r  microwave  beam  pointing 
and  instantaneous  shut  c'f  f c'f  power  to  the  micic'wave 
genet  a tor  s Tail  ur  e c'f  t he  mi  c 1 owave  beam  po  i nt  i ng 
system  would  not  result  in  exceeding  the  l as  tern 
European  guidelines  toi  micic'wave  exposure  Piediv 
lions,  analyses,  and  measurements  of  the  SPS's 
s v'ev  » f l v mi  c 1 vvwav e i nduv  ed  b i o\  og l c effects  will 
be  an  essential  component  c'f  the  development  program 
Glaser  adds  that  In  addition  tv'  direct  biologic 
effevts.  Interference  with  electronic  equipment, 
medical  i nst rument at  i on  , and  electric  devices  must 
be  avoided  Any  sensitivity  c'f  such  equipment  to 
the  low  level  c'f  micic'wave  exposure  'sill  have  tv'  be 
determi ned ; If  required,  industrywide  standards  ''ill 
have  tv'  be  established  Possible  effects,  if  any, 
c'n  b 1 1 vis  flying  through  the  microwave  beam  also  will 
have  tv'  be  est  ab!  1 shed , notes  Glaser  Pietiminaiv 
evidence  Indicates  that  birds  van  be  affected  at 
levels  v'f  nU  r owave  exposure  greater  than  .'0  "W  » ” 
c'f  radiation  in  the  \-band  The  evidence  suggests 
that  birds  avoid  such  exposure  Giasei  concludes 
that  the  effevts  v'f  microwave  exposure  on  aitciaft 
flying  through  the  beam  must  also  be  considered 
He  notes,  however  , "the  shielding  c'f  the  metal 
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t use  I .»vjc  and  t he  vc *»v  vK»r  i i i ‘V  of  Might  thf  onyH 
the  beam  JIC  unt  lk«l>  to  i • s u I t In  s I gn  l fl  v ant  human 
r \,*osuf  r 
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A 'edic.al  s(udv  I fl  «M>i*»l  by  |lv  State  IVpAt  t'’Vrnl 
reported  no  evidence  of  IvjI  ll>  ^ .insr.1  by 

Mcrowave  radiation  beas-d  at  the  U S,  tmbassy  in 
Mc'svc»w.  Mowrvei  . the  repoit  k ,iu(  iom  that  hmc 
I nvest i gat  I on  is  required  to  deter  mm  nr  long  ran  dr 
effects  The  report  I > based  on  a .*  vi  study  c on 
due  led  by  Ha  l t i mor  e 1 s Johns  Hopkins  University 
Sv  t*ool  of  Hygiene  and  Put' IK  Health,  wl>  K h reviewed 
the  records  of  neatly  4 , HOC  state  Depai  t"*ent 
e’H'ivneey  and  their  dependents  who  lived  in 
between  l*)St  and  I9?f»  The  records  were  compared 
». . t *'  those  o f other  diplomatic  fa*'*  llles  wtro  seised 
e'  srwhei  r » ■ y t astern  Europe  and  who  wn  e not  sub 
letted  to  known  roicrv'wave  bombar  di-ren  t The  study, 
which  «,is  be  dun  its  t f*-  summer  of  I ‘I  / t* , concentrated 
on  over  I , 900  employees  at  the  Moscow  embassy  dut  Ing 
l he  per  i od  and  \ , 000  of  their  dependents,  A , om 
par  i son  group  of  over  ' , S(V0  employees  at  nine 
t as  tern  turopean  posts  and  S , 000  of  their  family 
member  s were  a l so  identified  No  differences  v*ne 
observed  between  the  two  groups  with  respect  tv* 
cancer  Morbidity.  A relatlyely  high  proportion 
of  cancer  deaths  in  both  te>*vile  employee  groups 
wds  discovered,  but  no  satisfactory  esplanat  <on 
was  found.  The  repor  t a I sc*  notes  t ha  t the  pop 
u la ti on  studied  was  relatlyely  young  and  that  It 
was  still  tvx*  early  to  be  able  to  detect  long 
term  mortality  effects  except  foi  those  who  had 
served  In  the  earliest  period  of  t he  study.  Another 
problem  cited  in  the  report  is  that  the  highest 
exposure  ar  the  embassy  up  to  1 9 ,.W  c'»r  was  for 
the  relatively  shor  t per  K'd  of  June  IA/S  tv*  february 
KVb.  The  report  recommends  that  the  group  sith  the 
highest  exposure  he  contacted  again  In  another  I vi 
for  a Mtedical  update,  and  that  a surveillance  system 
be  developed  to  track  deaths  in  the  entire  population 
that  was  studied - 
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t XPIOM  A I OM  y t VAl  UAlll'Nl'r  VIM  O A> 
ft  MMINAl  01*1  HA  I I'M  SI  Ml  SS  SI  MAIN 

t fie  contracting  officer.  National  I ns  t * I *r  t e for 
0c  c upa  t l ona  I '-afely  and  Meal  l*1.  M»dd  f.shers  lane, 

Kc'cv*  9 *1 , K*  *c  k \ I I I e , Hp  t s sc'liv  I tine]  . * t oyH*sa  I *• 

f of  t fro  at'v'y  e study  ( Januar  y I I , I *1  **• ' 


STbl'N  Ok  IlHCl  Of  | l 1 1*1  MU’  A l S1IMUI  At  ION  Of 
I Ml  1*1  Ml  PI  l l UM 

\t^c  Nat  lonal  Institute  c'f  Ne  nr  O I og  r v a 1 and  t o ru*n  I 
v alive  PI  Sc't  der s and  Stroke,  MM,  Helhesda.  Mp  f*as 
, ontiacted  with  (he  University  of  Minnesota  for  t he 
at'v'y  e study  (January  .'I,  !**•»>' 


CONIINUI  0 Ml  SI  A Ml*  II  ON  I Ml  l f f I Cl  Of  HAOlO 
I Ml  UMNO  ANO  MIC  MOW  AS  I INI  MON  ON  V Ml  NIMVOUS 
SYSU  M 

Ihr  Office  i*r  Naval  Ke  sea  i,li,  N Ou»n»  \ st  , 

At  I \ in) l c'r' , V A ‘ .*  I has  c on l i 4v  t ed  w t 1 1*  t ,(e  Urr  l y e i 
s i t y f f’ennsy  K an  i a . t*i*»  1 Ua  I nut  *'  t , I'h  l I ade  I ph  • a , 

PA  M|0n  tc'i  thr  at'c'ye  study.  (february  . I'*'1* ' 


A S HU'S  INUUIO  I Ml  I f f 1 1*  1 S Of  MIl’MOW  AVI 
M AIM  A 1 U'N  v'N  i t Mt  MM  A l Ml  1 AMOl  ISM 

lfre  h'v  i i c»n  v't  .il  Protection  Agency,  Contracts  Manage 
•<c  n t 0 1 y i s i on  ^ MP  ' I ' , Office  of  Ad*"  i n I s t • at  • on  , 
Research  Tiiangle  **ark,  Nt  will  nech'tiate  witty  I'wkr 
University  kVdita)  I'enfe*  , Pprfiam,  Ni  tc'i  lire  at'c'ye 
study  ( t et*  i ua  ty  .’9,  I ''  fv' ^ 


PM  I ANO  fVS  I N A 1 At  l MVSIIMI  dr  SOUIMMI  l 
NH'NM  V S TO  J4M1  MKt  f Mft 

1 he  t n\  i c'i''"en  t a l '*  • c*t  ec  t i c'i*  Acjei'c  \ , v' f f < c e o' 
Aclm  m*  i s t i a t i on  , Ke sr  ai  y h 1 i i ang  1 r Park,  Ni  ha s 
c c'n  t t ,ic  t ed  with  M Ah  f o t d Re  sea  r c ty  I n s t t u t r 
I n t r i rat  t c'na  I , '''  Ka\ r n sw\w'c<  Ayr  , **r<tlo  Pa  ■ k 

l A fc'r  (trr  at'c've  study  yMai,h  , l‘l*'K 


MEETINGS  AND  CONEEHENCtS 


AMI  RICAN  INDUS!  HI  At  HYGIENE  CONFERENCE 

<«f,  M,» > 2 7- June  1#  1979 

\:.v  Chicago,  II  Palmer  House 

s »u*c  rv  American  Industrial  Hygiene  Assoc  lAIHAl, 
American  Conference  of  Governmental  Industrial  Myqien 
i s t s ( AC  G I H ) 

V«\;u **'r  n/  rwtxti’.'M  W.  E.  McCormick,  American 
Industrial  Hygiene  Association,  4/5  Wolf  ledges  Park- 
way , Akron,  OH  44  Til 

. *?r\f  Pit!  :\ym:  hu  J’ix;  « **a  U 7v  f. 

RF  AND  MICROWAVE  STANDARDS  IN  CANADA. 

H Rappachol i , N.  Stuklev 

NIOSH  CRITERIA  DOCUMENT  AND  RECOMMENDED 
OCCUPATIONAL  EXPOSURt  STANDARDS  FOR  RE  AND 
MICROWAVE  RADIATION:  A STATUS  REPORT 

R.  F.  Boggs,  Z.  Gla/er,  T K.  Tielman 

BIOLOGICAL  EFFECTS  OF  MICROWAVE. 

S . Cleary 


1979CLEVELAND  ELECTRICAL  ELECTRONICS  CONFERENCE 
AND  EXPOSITION  ICE  CON  79» 

Aaf«*.  June  5-7.  1979 

Cleveland,  OH  Cleveland  Convention  Center 
Institute  of  Electrical  S Electronics 
Engineers  ( I E E E ) - - Req ion  Z,  Cleveland  Section 
Seju48t8  /or  M.  Lapine,  2 72$  Euclid 

Ave. . Cleveland,  OH  44115 

cVMtanf:  Topics  will  include  Biomedical --medicine. 
Biology,  and  Bioloqic  effects;  standards- -nat iona l , 
i nternat ional , performance,  regulatory 


MICROWAVE  POWI  R SYMPOSIUM  1979 


June  11-15,  1979 
JWl.v:  Monte  Carlo,  Monaco 

I nternat  iona  I Microwave  Power  Institute 
F<t<fU88 1 8 *\ 'r  Tnf> x ? '*t : I n t ' I M I c rowave  Powe  r 
Institute.  Box  M4 , SUB  11,  Univ.  A1 Berta,  Edmonton, 
Alberta,  Canada  Tf>G  2E0 

if:  Topics  will  include  fundamental  properties, 

microwave  power  generation,  transmission  and  rectifi- 
cation, industrial  microwave  systems,  microwave 
i nst r umentat ion  and  measurement,  microwave  proper- 
ties of  materials,  industrial  applications,  food 
industry  appl icat ions , medical  and  Biological  ap- 
plications, Biological  effects  of  microwaves, 
domestic  and  catering  microwave  ovens,  microwave 
field  distribution  and  measurement , energy  balance 
of  microwave  processes,  equipment  safety,  RF  inter- 
ference and  frequency  allocations,  economics  and 
marketing  of  microwave  ovens. 


. V Sit  l i%  *'  :i * rt<  r , , 

ELECTROMAGNETIC  WAVES  AND  LIVING  SYSTEM*  A J 
Beiteaud  (CNR.'.,  Thiais,  f t4iur) 

MEDICAL  ASPECTS  OE  INTERACTION  BETWEEN  MICRO 
WAVES  AND  LIVING  SYSTEMS.  B Servant ie  (Centre 
de  Recherche*  du  Service  de  Sante  vies  A i ones, 

F rant e l 

MICROWAVE  APPLICATIONS  IN  DIAGNOSIS  AND  THERAPY. 
M.  Gautherie  L Inst i tut  National  de  la  Sante  et 
de  la  Recherche  Medicale,  Strasbourg,  France) 

Ml  ASliRl  Ml  NT  S AND  I NST  RuMl  NT  AT  I ON  IN  I NVl  ST  I GAT  I ON 
OE  The  BIOLOGICAL  EFFECTS  OE  ELECTROMAGNETIC 
WAVES.  A.  Priou,  A Deticls  (Departement  Etudes 
et  Recherches  en  Mlcro~ondes,  C.E.R.T.,  France) 

MICROWAVE  RADIATION  PROTECTION  STANDARDS.  m A 
Stuchly  (Nc'n  i on  i / I ng  Radiation  Section,  Radiation 
Protection  Bureau,  E nv I ronmrnt a 1 Health  Centre, 
Canada ) 

MEASURE Mt NTs  OE  COMPLEX  DIELECTRIC  CONSTANT  OE 
HUMAN  SERA  AND  ERYTHROCYTES.  B.  Bianco,  . 
(Consiqlio  Na/ionale  delle  Ri cere  he,  Italy l 

MICROWAVE  DOS  I me  T R>  MEASURING  DEVICE  N 

D / i e c i o l ow  ski,  , (Polish  Acad.  Science, 

Poland) 

TOTAl  RADIATION  EXPOSURE  USING  LIQUID  CRYSTALS 
AND  THE RMOLUMINE SCI  NCI  . G.  t Fans  low  (U.S.A.) 

EFFECTS  OF  CHRONIC  LOW  LEVEL  MICROWAVE  RADIATION 
ON  SLEEP  PATTERNS  IN  THE  RAT.  M-J.  Mein,  r : . 
(Centre  de  Recheivhes  de  Medecine  Aeronaut i que , 

E ranc e l 

EFEECTS  OE  MICROWAVES  ON  THE  SENSITIVITY  OF  MICE 
TO  A CURARE -LINE  DRUG.  J-C.  Dumas,  . 

(ONE  RA  C.E. R.T . , France' 

CHANGES  IN  THE  LEVEL  OF  ATP.  ADP . ANO  AMP  IN 
DEVELOPING  RAT  BRAIN  FOLLOWING  REPEATED  WHOLE 
BODY  2 ,440  MH/  MICROWAVE  I RRAD I AT  I ON . A.  Ja  "a 
kosmanov  i c , L.  M.  Shore  (Inst.  Physiology  and 
B i oc hem i s t r y , Y uqos 1 av i a) 

THE  EFFECT  OE  :,4S0  MM.*  RADIATION  ON  TWO  SOU 
BORNE  PATHOGENIC  FUNGI  (.Vr.-.  • • , »*,  ^ 

—«<*••-*  *~)  • h • Di  prose,  . ' ; . (Univ.  Sheffield, 
Sheffield,  England) 


NECESSARY  CONDITIONS  FOR  OBSERVATION  OF  BIOLOGIC 
EFFECTS  OF  MICROWAVE  RADIATION.  S.  L.  Aiber 
(Scientific  Res.  Inst,  of  Health  Resorts  and 
Phys iotherapv , USSR) 

EtG  ACTIVITY  UNDER  THE  CONDITION  OF  SINGLE 
ACUTE  WHOLE -BODY  MICROWAVE  2,450  MM.«  I RRAD  I A 
TION  IN  DEVELOPING  RATS.  M.  D recun,  1.  M. 

She' re  (Inst  Physiology  and  Biocheml  st  ry  , 

Yugos I avi a ) 
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Rtoloyii  jl  f tie.  n ot  Nontonumg  t irf‘  «,'*  r 
Redietion  lll'-ti  June  19/9 


EFFECT  OF  10-GHz  PULSED  ELECTROMAGNETIC  RADIA- 
TION AT  SAR  l W/kg  ON  Eaohenahia  soli.  S.  K. 
Outta,  C.  Chambers  (Howard  Univ.,  Washington, 
DC) 

STUDIES  CONCERNING  THE  EFFECTS  OF  NON-THERMAL 
PROTRACTED  PRENATAL  915-MHz  MICROWAVE  RADIATION 
ON  PRENATAL  AND  POSTNATAL  DEVELOPMENT  IN  THE 
RAT,  R.  P.  Jensch,  et  al.  (Thomas  Jefferson 
Univ.,  Philadelphia,  PA) 

LOW-LEVEL  MICROWAVE  RADIATION  AND  DIGESTIVE 
TRANSIT.  R.  Santini,  et  : l . (Institut  National 
des  Sciences,  France) 

INDUCED  FIELDS  ANO  POWER  ABSORPTIONS  WITHIN  THE 
HUMAN  HEAD  BY  ELECTROMAGNETIC  PLANE  WAVE  IRRAD- 
IATION USING  AN  ELLIPSOIDAL  MODEL.  H.  Taha  Al- 
Hafid,  et  al.  (Coll.  Engineering,  Univ.  Mosul, 

I raq) 

ELECTROMAGNETIC  POWER  DISTRIBUTION  INDUCED  IN 
BIOLOGICAL  TISSUES  IN  A CLOSED  ENVIRONMENT. 

P.  Bernardi,  et  al.  (Istituto  di  Elettronica, 
Universita  di  Roma,  Rome,  Italy) 

NUMERICAL  SIMULATION  OF  ELECTROMAGNETIC  ENERGY 
AND  TEMPERATURE  DISTRIBUTION  IN  A CANCEROUS 
BREAST  IRRADIATED  BY  MICROWAVES.  R.  Zimmer, 
et  al.  (Faculte  de  Medecine  de  Strasbourg, 
Strasbourg,  France) 

TEMPERATURE  DISTRIBUTION  IN  ELECTROMAGNET  I CALLY 
IRRADIATED  CYLINDERS  SIMULATING  LIVING  TISSUES. 
G.  Gerosa,  et  al.  (Istituto  di  Elettronica, 
Universita  di  Roma,  Rome,  Italy) 

IN  VIVO  TEMPERATURE/HEAT  FLOW  SENSING  IN  MICRO- 
WAVE  FIELDS.  G.  M.  Samaras,  -t  al.  (Univ. 
Maryland,  Sch.  Medicine,  College  Park,  MD) 

USE  OF  CONFORMAL  MICROSTRIP  ANTENNAS  FOR  BIO- 
MEDICAL APPLICATIONS  OF  MICROWAVES.  A.  Van  de 
Capelle,  P.  J.  Luypaert  (Katholieke  Universi- 
teit  Leuven,  Leuven,  Belgium) 

THE  EFFFCTS  OF  MICROWAVES  (9.7  GHz)  ON  THE  IN 
SITU  MEMBRANE-BOUND  ACETYLCHOLINESTERASE  IN  THE 
VAGAL  HEART  SYSTEM.  W.  Young,  et  al.  (San  Jose 
State  Univ.,  San  Jose,  CA) 


AN  INTERNATIONAL  PROGRAM  ON  NONIONIZING  RADIA- 
TION PROTECTION.  M.  J.  Suess  (World  Health 
Or gan i zat i on , Denmark) 

TOWARDS  PRUDENT  DEFINITION  OF  NONIONIZING 
RADIATION  HAZARD.  H.  Aamlid,  M.  Brady  (Nor- 
wegian Nonionizing  Radiation  Committee,  Nor- 
way) 

NONIONIZING  ELECTROMAGNETIC  R.F.  AND  U.H.F. 
RADIATIONS:  APPLICATIONS  AND  HAZARDS.  M. 

Vautrin  (Institut  National  de  Recherche  et 
de  Securite,  France) 

DRAFT  REQUIREMENTS  FOR  SAFETY  IN  INDUSTRIAL 
MICROWAVE  HEATING  EQUIPMENT.  M.  Kleinpeter 
(Cored ss i on  Electrotechnique  I nternat i ona I e , 

F ranee) . 

PRESENT  AND  FUTURE  MEDICAL  USES  OF  MICROWAVES, 
ESPECIALLY  IN  CANCER  THERAPY.  M.  Gautherie 
( l NSERM , F ranee ) 

MICROWAVE  THERMOGRAPHY  (68  GHz  AND  30  GHz)  AND 
BREAST  CANCER.  M.  Gautherie,  et  al.  (Faculte 
de  Medecine  de  Stra  bourg , Strasbourg,  France) 

COMBINED  METHODS  OF  DOSIMETRY  IN  MICROWAVE 
HEATING.  Y.  Leroy,  et  al.  (Universite  des 
Sciences  et  Techniques  de  Lille,  Lille, 

F ranee ) 

COMPUTER-CONTROLLED  MULTIPLE  BEAM  MICROWAVE 
THERMOTHERAPY.  G.  M.  Samaras  (Univ.  Maryland, 
Sch.  Medicine,  College  Park,  MD) 

MICROWAVE  RAD  I OMETRY  AT  9 GHz:  APPLICATION  TO 
BREAST  CANCER  AND  OTHER  TUMOR  SITES.  PRELIMIN- 
ARY RESULTS.  M.  Gautherie,  et  al.  (Universite 
de  Strasbourg  et  Universite  des  Sciences  et 
Techniques  de  Lille,  Lille,  France) 

MEASUREMENT  OF  HYPERTHERMIA  OF  HEALTHY  AND 
TUMOR-BEARING  MICE  IN  A 432-MHz  FIELD  BY 
MICROWAVES  AND  INFRARED  THERMOGRAPHY  AND 
BY  THERMOCOUPLES.  J.  Robert,  et  al.  (Labora- 
toire  de  Biophysique,  Nancy,  France) 

INHIBITION  OF  ACUTE  EXPERIMENTAL  VIRAL  INFECTIONS 
BY  WHOLE-BODY  MICROWAVE  (2,950  MHz)  HYPERTHERMIA. 
S.  Szmigielski  (Center  for  Radiobiology  and 
Radioprotection,  Poland) 


EFFECTS  OF  FETAL  EXPOSURE  OF  MICE  TO  R.F.  RADIA- 
TION. J.  C.  Nelson,  et  at.  (Wayne  State  Univ., 

Detroit,  Ml) 


EFFECT  OF  LOCALIZED  MICROWAVE  HEATING  ON  RAT 
EMBRYOS.  V.  P.  Popovic  (Emory  Univ.,  Sch. 
Medicine,  Atlanta,  GA) 


WIDE  BAND  (1-10  GHz) 
TRICAL  PROPERTIES  OF 
A.  Y.  Cheung,  et  al. 
Park,  MD) 


CHARACTERIZATION  OF  ELEC- 
TISSUE  EQUIVALENT  BOLUS. 
(Univ.  Maryland,  College 


TREATMENT  OF  EXPERIMENTAL  NEOPLASMS  BY  LOCAL 
MICROWAVE  (2,950  MHz)  HYPERTHERMIA.  W.  Ros *- 
kowski,  et  al.  (Center  for  Radiobiology  and 
Radioprotection,  Poland) 


BIOLOGICAL  EFFECTS  OF  RADIOFREQUENCY  AND  MICRO- 
WAVE  RADIATION  AND  THEIR  RELEVANCE  TO  OCCUPA- 
TIONAL SAFETY  AND  HEALTH  STANDARDS  IN  THE 
UNITED  STATES.  R.  F.  Cleveland,  et  al. 
(Equitable  Environmental  Health,  Inc.,  U.S.A.) 


ELECTROMAGNETIC  WAVE  APPL 
CHOICE  OF  FREQUENCY  BANDS 
ACCORDING  TO  TUMOR  DEPTH. 
Lefeuvre  (France) 


CATOR  FOR  HYPERTHERMIA. 
AND  POWER  LEVELS 
D.  Michel , S. 


6 


£ ff*  n of  Attworurviy  £ Ms 
HxUiaffOn  ///I  4 Jot*  19P9 


ME.  IINGS  AND  CONH  HLNCIS 


FOCUSSING  LONG-WAVE  THERMOGRAPHY.  J.  Edrich 
(Univ.  Denver,  Denver,  CO) 


BIOELtCTHOMAGNETICS  SYMPOSIUM 


ELIMINATION  OF  MICROWAVE  EFFECTS  ON  THE  VITALITY 
OF  NERVES  AFTER  ACTIVE  TRANSPORT  MAS  BEEN  BLOC  RED . 
D.  I McRee,  H Wachte 

EFFECTS  OF  RADIO  FREQUENCY  FIELDS  ON  THE  EEC  OF 
RABBIT  BRAINS-  S,  Takashima,  H.  P.  Schwan 


.XJ  C«3 June  13-22,  1973 
Fit Ida:  Seattle,  WA:  Univ.  Washington 

Sfx'nscr:  USNC/URSI  (Commissions  A and  B).  Bioelec- 
tromagnetics Society 

Fe.yueerd  '-’I*  >:  *’ -’—i: ' A.  W.  Guy,  Technical 

Program  Committer  Chairman,  B i oe  I ec  t rnmagne  t i cs 
Symposium,  c/o  Dept-  Rehabilitation  Medicine,  Univ. 
Washington  School  of  Medicine,  Seattle.  WA 
'ontent:  Behavioral  effects;  Central  Nervous 
System  effects;  diagnostic  applications;  dosimetry; 
extra  low  frequency  effects;  exposure  systems  and 
i nst rumen ta t i on ; hyperthermia  and  therapeutic  appl i - 
cations;  i mmunolog i ca I and  hematopoietic  effects 
mac romol ecular  and  cellular  effects;  mutagenic  and 
developmental  effects;  sensory  effects;  thermometry 

Falactad  Bibliogmyb.u  ’’  .;;:vra  • be  Preferred: 

KEYNOTE  ADDRESS.  FROM  MICE  TO  MAN.  W.  A.  G. 

Voss 

USA-USSR  EM  RESEARCH  EXCHANGE  PROGRAM-  PROGRESS 
REPORT.  D.  I.  McRee,  M.  G.  Shandala 

EM  RESEARCH  PROGRAM;  INSTITUTE  OF  BIOLOGICAL 
PHYSICS.  ACADEMY  OF  SCIENCES,  USSR.  I.  G.  Akoev 

METABOLIC  AND  PHYSICAL  SCALING  IN  MICROWAVE/ 
RADIOFREQUENCY  BIOEFFECTS  STUDIES.  S.  M.  Michael- 
son,  S-T.  Lu 

differential  heating  of  the  cortex,  hypothalamus 

AND  RECTUM  IN  THREE  SPECIES  BY  2,450-MHz  MICRO- 
WAVES.  V.  Bruce-Wolfe,  D.  L.  Reeves,  D.  R. 
Justesen 

THERMAL  EFFECTS  ON  COLONIC  AND  REGIONAL  BRAIN 
TEMPERATURE  IN  UNANESTHETIZED  RATS  EXPOSED  TO 
2450  MHz  MICROWAVES.  W.  M.  Williams,  S-T.  Lu, 

S.  M.  Michael  son 

MODIFICATION  OF  MICROWAVE  BIOLOGICAL  END-POINTS 
BY  INCREASED  RESTING  METABOLIC  HEAT  LOAD  IN  RATS. 
S-T.  Lu.  N.  Lebda,  S.  Pettit,  S.  M.  Michaelson 

MICROWAVE  MODIFICATION  OF  THERMOREGULATORY 
BEHAVIOR:  THRESHOLD  AND  SUPRATHRESHOLD  EFFECTS. 

E.  R.  Adair,  J.  B.  Pierce 

MICROWAVES  AFFECT  THERMOREGULATORY  BEHAVIOR  IN 
RATS.  S.  Stern,  L.  Margolin,  B.  Weiss,  S-T.  Lu, 

S.  M.  Michaelson 

MICROWAVE  EFFECT  ON  THE  PARAMETERS  OF  THE  MODEL 
SYNAPTIC  MEMBRANE.  0.  V.  Kolomitkin,  V.  I.  Kuz- 
netsov, I.  G.  Akoev 

EVIDENCE  OF  NEUROPATHOLOGY  IN  CHRONICALLY  IRRA- 
DIATED HAMSTERS  BY  2450  MHz  MICROWAVES  AT  10 
mW/cmJ.  E.  N.  Albert 


IN  VITRO  STUDY  OF  MICROWAVE  EFFECTS  ON  CALCIUM 
EFFLUX  IN  RAT  BRAIN  TISSUE.  W.  W Shelton,  Jr.. 

J . H . Merritt 

RETINAL  GANGLION-CELL  ACTIVITY  INDUCED  BY  ELF- 
FIELDS.  P.  Lovsund,  P.  A.  Oberg,  S.  E.  G.  Nils- 
son 

MICROWAVE  SHORT-TIME  EXPOSURE  EFFECT  ON  GONADS. 

A.  Ch.  Achmadieva,  E.  N Smirnova,  I.  G.  Akoev 

CHANGES  IN  THE  ELECTROCARDIOGRAMS  OF  RATS  AND 
DOGS  EXPOSED  TO  DC  MAGNETIC  FirLDS.  C.  T.  Gaffev, 
T.  S.  Tenforde 

CARDIOVASCULAR  RESPONSE  OF  RATS  EXPOSED  TO  60-Hz 
ELECTRIC  FIELDS.  D.  I.  Hilton,  R.  D.  Phillips 

DUAL  ACTIONS  OF  MICROWAVES  ON  SERUM  CORTICO- 
STERONE IN  RATS.  S-T.  Lu.  S.  Pettit,  S.  M. 

Mi chae 1 son 

ENDOCRINE  FUNCTION  IN  RHESUS  MONKEYS  AND  RATS 
EXPOSED  TO  1.29  GHz  MICROWAVE  RADIATION.  W.  G. 

Lot  z 

MEASUREMENTS  OF  THE  RF  POWER  ABSORPTION  IN  HUMAN 
AND  ANIMAL  PHANTOMS  EXPOSED  TO  NEAR-FIELD  RADIA- 
TION. M.  F.  Iskander,  H.  Massoudi . C.  H.  Durney, 
S.  J.  Allen 

REAL  TIME  MEASUREMENT  OF  RFR  ENERGY  DISTRIBUTION 
IN  THE  \t.\ "tu.’jtta  HEAD.  J.  G.  Burr.  J.  H. 
Krupp 

A METHOD  OF  CALCULATING  ELECTROMAGNETIC  ABSORP- 
TION UNDER  NEAR-FIELD  EXPOSURE  CONDITIONS  I. 
Chatter jee,  0.  P.  Gandhi,  M.  J.  Hagmann , A. 

Ri  az  i 

NEAR-FIELD  IRRADIATION  OF  CYLINDRICAL  MODELS  OF 
HUMANS  AND  ANIMALS.  C.  K.  Han,  M.  F.  Iskander, 

C.  H.  Durney,  H.  Massoudi 

EXPERIMENTAL  AND  ANALYTICAL  STUDY  ON  INTERACTION 
BETWEEN  NEAR-ZONE  EM  FIELD  OF  CB-RADIO  ANTENNA 
AND  HUMAN  BODY.  K.  Karlmullah,  D.  P.  Nvquist, 

K-M.  Chen 

A THERMAL  MODEL  OF  THE  HUMAN  BODY  EXPOSED  TO  AN 
ELECTROMAGNETIC  FIELD.  0.  M.  Deffenbaugh,  R.  J. 
Spi ege I . J . E . Mann 

FAR-F I ELD  MICROWAVE  DOSIMETRY  IN  A RHESUS  MONKEY 
MODEL.  R.  G.  Olsen,  T.  A.  Griner,  G.  D.  Prettsman 

A SYSTEM  FOR  DETERMINING  THE  RADIOFREQUENCY  AB- 
SORPTION COEFFICIENT  OF  THE  HUMAN  BODY  IN  THE 
HIGH  FREQUENCY  BAND.  D.  A.  Hill,  H.  M.  Assenheim, 
G.  W.  Hartsgrove,  G.  A.  Grant 
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ELECTROMAGNETIC  ABSORPTION  IN  MULTILAYERED  CYLIN- 
DRICAL MODELS  OF  MAN.  H.  Massoudi , C.  H.  Durney, 

P.  W.  Barber , M.  F.  Iskander 

ELECTROMAGNETIC  INTERACTION  WITH  HUMAN  PHANTOM 
MODELS:  APPLICATIONS  TO  MOBILE  RADIOS.  L.  H. 
Belden,  J.  A.  Bergeron 

MODIFICATION  OF  THE  EXTENDED  BOUNDARY  CONDITION 
METHOD  FOR  MODELS  OF  MAN  AT  AND  ABOVE  THE  RESON- 
ANT FREQUENCY.  M.  J.  Hagmann,  F.  S.  Stenger,  P. 

W.  Barber 

ELECTRIC  AND  MAGNETIC  FIELD  INTENSITIES  AND 
ASSOCIATED  INDUCED  BODY  CURRENTS  IN  MAN  IN  CLOSE 
PROXIMITY  TO  A 50  kW  AM  STANDARD  BROADCAST 
STATION.  R.  A.  Tell,  E.  D.  Mantiply,  C.  H. 

Durney,  H.  Massoudi 

A MICROWAVE  DIATHERMY  APPLICATOR.  M.  A.  Stuchly, 

S.  S.  Stuchly,  G.  Kantor 

MEASURED  PATTERNS  OF  STRAY  RADIATION  PRODUCED  BY 
THERAPEUTIC  MICROWAVE  APPLICATORS  WHEN  APPLIED 
TO  TISSUE-SUBSTITUTE  MODELS  AND  HUMAN  SUBJECTS. 

J.  F.  Lehmann,  A.  W.  Guy,  J.  Wallace 

COMPARATIVE  STUDY  OF  2k50  MHz  AND  915  MHz  DIA- 
THERMY APPLICATORS  WITH  PHANTOMS.  G.  Kantor, 

D.  M.  Witters 

EVALUATION  OF  915  MHz  AND  2k50  MHz  DIRECT  CONTACT 
DIATHERMY  APPLICATIONS.  J.  Wallace,  A.  W.  Guy, 

J.  F.  Lehmann 

MICROWAVE  DIATHERMY  TREATMENT  OF  THE  HUMAN  THIGH: 
THE  EXPERIMENTAL  MEASUREMENT  OF  THE  MUSCLE  BLOOD 
FLOW  RESPONSE  AND  THE  NUMERICAL  SIMULATION  OF  THE 
TISSUE  TEMPERATURE  RESPONSE.  A.  F.  Emery,  K.  M. 
Sekins,  D.  Oundore,  J.  F.  Lehmann,  P.  W.  McGrath, 
W.  B.  Nelp 

A BRAODBAND  AND  COMPACT  APPLICATOR  FOR  DEEP  TISSUE 
HEATING  USING  FOCUSSED  MICROWAVE.  M.  F.  Iskander, 
C.  H.  Durney,  D.  A.  Christensen,  A.  Riazi 

DEEP  VISCERAL  HYPERTHERMIA  IN  MAN  WITHOUT  SURFACE 
TISSUE  INJURY.  F.  K.  Strom,  W.  H.  Harrison,  R.  S. 
Elliott,  D.  L.  Morton 

LOCALIZED  RF  HYPERTHERMIA  ON  HAMSTER  CHEEK  POUCH 
CARCINOMA.  D.  P.  Colvin,  B.  S.  Burgess,  A.  L. 
Patra,  J.  D.  Doss,  B.  R.  Marsh,  J.  K.  Frost 

LOCALIZED  MICROWAVE  HYPERTHERMIA  AT  X-BAND  ON 
EXTERNAL  TUMORS  IN  MICE.  A.  Feldman,  L.  H. 

Pi ette 

LOCALIZED  HYPERTHERMIA  IN  DOG  BRAIN  USING  AN 
INVASIVE  MICROWAVE  PROBE.  J.  W.  Strohbehn,  E. 

B.  Douple,  D.  W.  Roberts,  D.  DeSieyes,  B.  S. 
Trembly,  R.  Matic,  S.  Brown,  P.  Runstalder 

ELECTRICAL  PROPERTIES  OF  TISSUE  EQUIVALENT  BOLUS 
FOR  MICROWAVE  HYPERTHERMIA.  A.  Y.  Cheung,  G.  H. 
Harrison,  L.  S.  Taylor,  P.  D.  Hrycak 


A SYSTEM  FOR  PRODUCING  LOCALIZED  HYPERTHERMIA  IN 
BRAIN  TUMORS  THROUGH  MAGNETIC  INDUCTION  HEATING 
OF  FERROMAGNETIC  IMPLANTS.  P.  R.  Stauffer,  T.  C. 
Cetas,  R.  C.  Jones,  M.  R.  Manning 

VALIDATION  OF  MICROWAVE  PULMONARY  EDEMA  DETECTION 
BY  ISOLATED  LUNG  AND  PHANTOM  MEASUREMENTS.  M.  F. 
Iskander,  C.  H.  Durney,  B.  H.  Ovard,  D.  G.  Bragg 

TECHNICAL  ASPECTS  OF  ELECTROMAGNETIC  TECHNIQUES 
FOR  RECOVERING  CRYOGEN I CALLY-PRESERVE D LARGE 
ORGANS.  J.  Toler,  J.  Seals,  E.  McCormick 

INFLUENCE  OF  M I CROWAVE- I NDUCED  TEMPERATURE  GRAD- 
IENTS ON  THE  UPTAKE  OF  CHEMOTHERAPEUTIC  AGENTS  BY 
EXPERIMENTAL  8RAIN  TUMORS  IN  MICE.  C.  H.  Sutton, 
F.  B.  Carroll,  Q.  Balzano 

TENSOR  INTEGRAL  EQUATION  METHOD  COMBINED  WITH 
ITERATION  TECHNIQUE  FOR  QUANTIFYING  INDUCED  EM 
FIELDS  IN  BIOLOGICAL  SYSTEMS.  K-M.  Chen,  S. 
Rukspol Imuang 

SURFACE  INTEGRAL  EQUATION  METHOD  FOR  INTERACTION 
OF  MICROWAVE  WITH  BIOLOGICAL  BODY.  J.  W.  Lee,  K. 
M.  Chen 

SPECIFIC  ABSORPTION  RATES  IN  MICE  EXPOSED  TO  918 
AND  ?k50  MHz  CIRCULARLY  POLARIZED  GUIDED  EM 
FIELDS.  A.  W.  Guy,  C.  K.  Chou,  J.  F.  Lehmann, 

W.  Farnham,  J.  A.  McDougall 

WAVEGUIDE  DOSIMETRY  DATA  ON  MICE,  IN  VIVO,  2.5- 
k.2  GHz.  R.  Turner,  W.  A.  G.  Voss,  W.  R.  Tinga, 

P.  Fisher,  R.  Rajotte 

A STUDY  OF  THC  HEATING  PATTERN  OF  A BIOLOGICAL 
BODY  INSIDE  A RECTANGULAR  WAVEGUIDE.  J.  J.  H. 
Wang,  L.  E.  Larsen 

ESTIMATION  OF  INTERNAL  POWER  ABSORPTION  BY  HUMAN 
HEADS  IN  PRESENCE  OF  ELECTROMAGNETIC  RADIATION. 

K.  Quboa , H.  T.  A1  Hafid,  S.  C.  Gupta 

ENERGY  ABSORPTION  FROM  SMALL  RADIATING  PROBES  IN 
LOSSY  MEDIA.  M.  L.  Swicord,  C.  C.  Davis 

NUMERICAL  SOLUTIONS  FOR  MICROWAVE  POWER  ABSORP- 
TIONS IN  BODY-OF-REVOLUTION  MODELS  OF  MAN.  T-K. 

Wu 

AN  EXPERIMENTAL  MODEL  FOR  DETECTING  AND  AMPLIFY- 
ING SUBTLE  RF  FI  ELD- I NDUCED  CELL  INJURIES.  V. 
Riley,  D.  H.  Spackman,  M.  A.  Fitzmaurice,  A.  W. 
Guy,  C.  K.  Chou 

DIFFERENTIAL  CONSEQUENCES  OF  BIOLOGICAL  SYSTEM 
EXPOSURE  TO  PULSED-  AND  CONTINUOUS-WAVE  ELECTRO- 
MAGNETIC FIELDS.  J.  Toler,  J.  Seals,  E.  McCor- 
mick, R.  Vogler,  L.  Winton 

THE  DIFFERENTIATION  (RETRANSFORMATION)  OF  NEURO- 
BLASTOMA CELLS  AS  AN  INDICATOR  OF  THE  BIOLOGIC 
ACTIVITY  OF  PULSED  MAGNETIC  RADIATION.  THE  NON- 
THERMAL  EFFECTS  OF  PULSED  ELECTROMAGNETIC  FIELDS 
ON  TUMOR  GROWTH  AND  IN  VITRO  MOUSE  PALATAL 
DEVELOPMENT  AND  NEUROBLASTOMA  DIFFERENTIATION. 
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W.  Rctjtflson,  H . West,  R.  Carchnwm,  0 l ml,  0. 
Dapdold,  R.  1 1 **b , A.  P i 1 1 <1 

tFFECT  OF  lONG-Tt RM  l OW  1 1 Vt l MlCROWAVl  tXPOSURi 
ON  DEVELOPMENT  ANO  GROWTH  01  CHI  Ml  (All  V | 1 . 4 
RINEOPYRE Nl  AND  01 -f THVl -N 1 TRCSOAM I NE | INDUCID 
NEOPLASMS  . S.  Srmlgielski,  A Pletias/ek,  M 
R I e I ec 

EFFECTS  OF  A.  C.  MAGNETIC  FIHD  ON  l YMPHOMA 
CELLS.  S.  Batkin,  F L.  Tabrah 

EFFECTS  OF  1.07  GH;  RF  III  IDS  ON  MICROHIAl 
SYSTEMS  t Moody,  C.  HcLerran,  J.  W Fra/er, 

V A.  Segreto 

MlCROWAVl  I NDIICEO  INCREASE  01  WAIIR  ANO  CONDUC- 
TIVITY IN  SUBMAX  1 1 1 ARY  SAIIVARY  Gl ANO  01  RAIS. 

H Mtkolajciyk 

FURTHIR  STIIOItS  01  TEST  IS  CYTOLOGY  IN  Mill  IRRAO 
I ATE  D WITH  ZkSO-MH/  MICROWAVIS  A B.  Calrnlf,  R 
K.  Harding 

MEAT  INDUCE  0 CATARACTS  IN  Till  RAT  1 1 NS  IN  V I I RO . 
P,  J.  Stewart -OeHaan , M.  0.  Creighton,  W.  M 
Ross , J . R . Trevithick 

IFFECI  OF  0 C MAGNETIC  Fit  LOS  ON  Cd’*  TRANSPORT 
IN  ISOLATED  MUSCLE  MlCROSOMES.  I M.  Ettlenne,  P. 
A.  Hoenlg,  R.  P Ftankel 

EFFECTS  OF  PULSED  ELECTRICAL  FIllOS  ON  ERYTHRO- 
CYTE MEMBRANES.  S.  F.  Cleary 

l NMANCED  RE  POPULATING  CAPACITY  OF  A BONE  MARROW 
CELL  SUSPENSION  AFTER  MICROWAVE  IRRADIATION  IN 
VITRO  0.  Rotkovska,  A.  Vacek 

CHRONIC  EXPOSURE  OE  RATS  TO  1 00  Mil r (CW)  : ASSESS- 
MENT OF  OPIRANT  BEHAVIOR.  M.  I Gage.  J.  0. 

E .(wards , R.  J.  Pettinelll 

CHRONIC  EXPOSURE  OF  RATS  TO  24SO-MH;  MICROWAVES 
AT  S mW/cnr-  DEFINING  FREQUENCY  DEPENDENT  DOS! 
DETERMINATE  EFFECT.  R.  H.  Lovely.  S.  J.  Y.  Mliu- 
mor  I , R.  P.  Johnson,  A.  W.  Guy 

EFFECTS  ON  BEHAVIOR  OF  LONG  Tl  RM  EXPOSURE  TO  l OW 
LEVEL  MWR.  R.  M lehovit/,  R.  L.  Seaman 

THE  tFFECT  OF  9.31  GHr  PULSED  MlCROWAVl  IRRADIA 
TION  ON  THE  LEVER  PRESS  BEHAVIOR  OF  OPSRANUY 
RESPONDING  RHESUS  MONKEYS.  R.  D.  McAfee,  R. 
Bishop,  S.  T.  Elder 

VIGILANCE  BEHAVIOR  IN  RATS  E XPOSi  0 TO  t.28  GHl 
MICROWAVE  IRRADIATION.  J.  0.  de  Lorge,  C.  S. 

Ezell 

MICROWAVE  - INDUCED  CONDITIONED  TASTE  AVERSION  IN 
RATS  AT  987  MH; . G.  R.  Sessions 

ALTERATION  OF  REPEATED  ACQUISITION  IN  RATS  BY 
MICROWAVE  RADIATION.  J.  Schrot , J.  R Thomas, 

R.  A.  Ranvard 


CHANGES  IN  1 1 MPORAl  ASCII  IS  OE  BIHAVIOR  IN  RATS 
BY  10W  LEVIES  OF  PULSED  MICROWAVES  J R.  Thomas 
R A.  Banvat d 

MODUl  AT  I ON  OE  PI  N IOBARB  1 1 Al  EFFECTS  ON  IIMINt. 
IIIHAVIOR  IN  RATS  BY  l OW  1 1 VI  l MICROWAVIS.  G 
Haiti  and 

ATTEMPTS  TO  C Lit  SUCCESSFUl  ESCAPE  FROM  A H I GHl  Y 
INIINSl  MICROWAVE  EIILD  111  PHOTIC  S 1 I Mill  A 1 ION 
A M Grove,  0.  M.  Levinson,  0.  R.  Justesen 

IS  Till  Bl  000  BRAIN  BARR  1 1 R AlltRlD  BY  RT  IRRADIA 
TI0N7  D.  EE.  Spackroan,  V.  Riley,  A.  W.  Guy,  C.  K. 
Chou 

1 1 Rt  BROVASClIt  AR  PIRMEABIIITY  10  1‘,C-SUCR0st  IN 
lilt  RA1  EOll  OWING  ?4S0  Mil/  CW  MlCROWAVl  IRRAOIA- 
I I ON . 1.  Preston,  G.  Pietuntalne 

STIIOItS  ON  MICROWAVE  AND  BLOOD  BRAIN  BARRIER 
INTERACTIONS.  J.  C.  Lin,  M.  t . I in 

EE  FECI  OF  IOW  l EVE  l MlCROWAVl  IRRADIATION  ON  Till 
UPTAKl  OE  HORSERADISH  PEROXIDASE  BY  SYNAPTOSOMES 
L.  M.  tiwin,  J.  E.  Lords,  C.  H.  Durney 

DRUG  STUDIES  OF  MWR  EFFECTS  ON  THE  Bt  000  BRAIN 
BARRIER.  R.  M.  lehovit; 

EFFECTS  OF  LOW  POWER  MICROWAVES  ON  THE  1 OCAl 
CEREBRAL  BIOOD  FlOW  OF  CONSCIOUS  RATS.  K.  J. 
Oscar,  S.  P.  Gvi.enau,  M.  FoTker,  S.  I Rapopori 

IILTRASTRUCTlIRAl  NEUROPATHY  IN  ARIAS  OE  INCREASED 
BLOOD  BRAIN  BARRIER  PIRMEABIIITY  AFTER  MICROWAVE 
IRRADIATION.  E.  N.  Albeit 

MlCROWAVl  FIVER  AN  ATTEMPT  10  TRANSFER  PNEUMO- 
COCCAL ANTIBOOY  ACROSS  THE  CERE  BROS P I NAL -FI U I P 
( C S F > BARRIER.  G.  R.  Hodges,  S.  t.  Worley,  D. 

L.  Reeves,  D.  R.  Justesen 

Till  EFFECT  Of  POWI  R DEPOSITION  RATI  ON  BLOOD- 
BRAIN  BARRIER  DISRUPTION  C.  H.  Sutton,  Q 
Balzano,  F.  B.  Carol! 

1ISSIU  IMPEDANCt  ME ASUR1  MINTS  USING  Till  MICRO 
WAVE  NT  1W0RK  ANAIY7ER.  J.  R.  Schepps,  k.  R. 
Foster,  A.  W.  Friend,  Jr. 

MlCROWAVl  DIELECTRIC  ABSORPTION  OF  MUSCLE 
TISSUE:  IVIDINCE  FOR  MULTIPLE  ABSORPTION 
MECHANISMS  BtlWltN  I AND  18  GH; . K.  R.  Fostei , 

J.  I . Schepps,  H.  P.  ScEiwan 

ILIC  TROMAGNE T I C D0SIM11RY  DlVtlOPMENT  OF 
ANALYSIS  AND  Ml  ASURl  Ml  NT  TICHNIQUIS  FOR  1HRII 
DIMINSIONAI  COMPLEX- SHAPED  DIELECTRIC  BOD  IIS. 

I C.  Burdette,  F.  L.  Cain,  J.  J.  Wang 

AUTOMATED  DIELECTRIC  Ml ASURE MINTS  WITH  A SMAI I 
MON0P01 1 IMPEDANCt  PROBl  T.  W Attlee 

A TEMPERATURE  MONITOR  E OR  MlCROWAVl  RIOEFFtCTS 
RESEARCH  AND  El  I CT  ROT  III  RM  I A THERAPY.  K R Row 
man 
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MEASUREMENT  OF  ElECTRIC  ANO  MAGNETIC  FIELO 
STRENGTHS  FROM  INDUSTRIAL  RAD  I OEREQUENCY 
(6-38  MHz)  PLASTIC  SEALERS.  D.  L.  Conover, 

W.  E.  Murray,  Jr.,  E.  D.  Foley,  J.  M.  Lary, 

W.  H.  Parr 

ELECTROMAGNETIC  HAZARDS  IN  SAFETY  ZONE  OF  RADIO 
AND  T.V.  TRANSMITTERS.  Korniewicz,  H.  R. 

MICROWAVE  EFFECT  ON  LIPID  BILAYER  MODIFIED  BY 
POLYENE  ANTIBIOTICS.  V.  V.  Tyazhelov,  S.  I. 
Alekseev,  V.  I.  Mlrutenko 

MICROWAVE  GASTRIC  ULCER.  V.  V.  Tyazhelov.  V.  P. 
Safronov,  B.  K.  Gavrilluk 

MILLIMETER-WAVE  RAD  I AT  I ON  FAILS  TO  INDUCE  LAMBDA 
PHAGE  EXPRESSION.  T.  W.  Athey,  B.  A.  Krop 

STUDIES  OF  MICROWAVE  ABSORPTION  IN  LIQUIDS  BY 
PHASE  FLUCTUATION  OPTICAL  HETERODYNE  SPECTRO- 
SCOPY. C.  C.  Davis,  M.  L.  Swicord 

MILLIMETER  WAVE  CW  CELLS  IRRADIATION  STUDIES:  I. 
MICROWAVE  ASPECTS.  COLICIN  INDUCTION  IN  F.  coli . 
S.  Motzkin,  L.  Birenbaum,  S.  Rosenthal,  C. 

Rubens te in,  S.  Davidow,  R.  Remily,  R.  Melnick 

MILLIMETER  WAVE  CW  CELLS  IRRADIATION  STUDIES:  II. 
MEMBRANE  TRANSPORT  IN  MITOCHONDRIA  AND  ERYTHRO- 
CYTES. R.  Melnick,  S.  Motzkin,  C.  Rubenstein, 

S.  Davidow,  L.  Birenbaum,  S.  Rosenthal 


SENSITIVITY  OF  C.  albicans  CELLS  TO  FREQUENCY  OF 
MODULATION  IN  THE  72-7^  GHz  BAND.  L.  Dardanoni, 

M.  V.  Torregrossa,  C.  Tamburello,  L.  Zanforlin 

MILLIMETER  WAVE  ABSORPTION  SPECTRA  OF  BIOLOGICAL 
SAMPLES.  R.  A.  Lee,  M.  J.  Hagmann,  0.  P.  Gandhi, 

I.  Tanaka,  D.  W.  Hill,  L.  M.  Partlow 

A SEARCH  FOR  FREQUENCY-SPECIFIC  BIOEFFECTS 
CAUSED  BY  MICROWAVE  RADIATION.  L.  M.  Partlow. 

L.  G.  Bush,  L.  J.  Stensaas,  D.  W.  Hill,  A. 

R i az i , 0 . P . Gandh i 

RAMAN  SPECTROSCOPY  OF  MAMMALIAN  CELLS.  A.  Riazi, 

J.  R.  Duffey,  0.  P.  Gandhi,  D.  W.  Hill 

A THEORETICAL  BASIS  OF  MICROWAVE  AND  RF  FIELD 
EFFECTS  ON  EXCITABLE  CELLULAR  MEMBRANES.  C.  A. 
Cain 

VIBRATIONAL  SPECTRA  OF  IN  VIVO  BIOLOGICAL  SYS- 
TEMS. K.  H.  Ill inger 

MOLECULAR  LEVEL  EFFECTS  OF  MICROWAVES  ON  NATURAL 
AND  MODEL  MEMBRANES:  A RAMAN  SPECTROSCOPIC  INVES- 
TIGATION. J.  P.  Sheridan,  B.  P.  Gaber,  F.  C. 
Cavatorta,  P.  E.  Schoen 

EFFECT  OF  MICROWAVES  ON  RED  BLOOD  CELL  COMPON- 
ENTS: INVESTIGATIONS  AT  THE  MOLECULAR  LEVEL. 

B.  P.  Gaber,  J.  P.  Sheridan 

MICROWAVE  EFFECTS  ON  HUMAN  COLONY  FORMING 


MARROW  CELLS.  M.  J.  Ottenbreit,  J.  C.  Lin, 

S.  Inoue,  M.  Frazassa 

PRIMARY  IMMUNE  RESPONSE  OF  MICE  EXPOSED  TO 
CONTINUOUS  OR  PULSED  WAVE  A25-MHz  RADI OFRE QUENCY 
RADIATION.  R.  J.  Smialowicz,  M.  M.  Riddle,  P.  L. 
Brugnolotti,  K.  L.  Compton,  J.  B.  Kinn 

GROWTH  OF  HUMAN  BONE  MARROW  CELLS  IN  AGAR  CULTURE 
UNDER  THE  INFLUENCE  OF  ELECTRICAL  CURRENTS.  J. 
Bojsen,  B.  T.  Mortensen 

EFFECTS  OF  HYPERTHERMIA  AND  MICROWAVE  INDUCED 
HYPERTHERMIC  SHOCK  ON  HPC  CELLS.  W.  A.  G.  Voss, 

A.  Kennedy,  A.  Fontaine,  B.  Hall,  J.  Van  Netten 

THE  EFFECTS  OF  9-GHz  PULSED  MICROWAVES  ON  CIR- 
CULATING ANTIBODY  TITERS  OF  MICE.  C.  G.  Liddle, 

J.  P.  Putnam,  J.  Y.  Lewis,  B.  Bell,  M.  W.  West, 

0.  L.  Huey 

THE  EFFECT  OF  RADIO  FREQUENCY  (IA8  MHz)  ELECTRO- 
MAGNETIC FIILD  EXPOSURES  ON  HYPERSENSITIVITY 
RESPONSES  IN  MICE.  J.  A.  Ma j de , J.  C.  Lin 

IMMUNOLOGIC  AND  HEMATOPOIETIC  ALTERATIONS  BY 
2A50  MHz  RADIATION.  A.  T.  Huang,  N.  Mold 

INFLUENCE  OF  PULSED  MICROWAVE  RADIATION  ON  THE 
LYMPHOCYTES  OF  RATS.  J.  Pazderova-Ve j I upkova 

KINETICS  AND  MECHANISMS  OF  THE  INDUCTION  OF  AN 
I NCREASF  IN  COMPLEMENT  RECEPTOR  POSITIVE  (CR+) 
MOUSE  SPLEEN  CELLS  FOLLOWING  A SINGLE  EXPOSURE 
TO  2^50  MHz  MICROWAVES.  C.  Schlagel,  A.  Ahmed, 

K.  Sulek,  H.  Ho,  W.  Leach 

ALTERED  IN  VIVO  LYMPHOCYTE  MIGRATION  FOLLOWING 
WHOLE-BODY  RFR  EXPOSURE:  DIFFERENTIAL  EFFECTS 
ON  T-  AND  B-LYMPHOCYTES.  R.  P.  Liburdy 

SERUM  AND  LYMPHOCYTES  FROM  MICROWAVE  EXPOSED  MICE 
ENHANCE  CELL-MEDIATED  EFFECTOR  FUNCTION:  INCREASED 
LYMPHOCYTE-MEDIATED  CYTOTOXICITY  DURING  ALLOGRAFT 
REJECTION  OF  EL-A  LYMPHOMA  CELLS.  R.  P.  Liburdy 

A BEHAVIORAL  PROCEDURE  AND  60  HERTZ  EXPOSURE 
SYSTEM  FOR  DETERMINING  FIELD  DETECTION  BY  RATS. 

S.  Stern,  V.  G.  Laties,  C.  Stancantpiano,  G.  R. 
Inglis,  E.  Carstensen,  S.  M.  Michaelson,  M.  W. 
Miller,  J.  0.  de  Lorge 

EFFECTS  OF  60  Hz  ENVIRONMENTAL  ELECTRIC  FIELDS 
ON  THE  CENTRAL  NERVOUS  SYSTEM  OF  LABORATORY 
RATS.  S.  M.  Bawin,  I.  Sabbot , B.  Bystrom,  P. 

M.  Sagan,  W.  R.  Adey 

EFFECT  OF  CHRONIC  EXPOSURE  TO  AN  ELECTRIC  FIELD 
ON  SUBSEQUENT  DISCRIMINATION  OF  E.  CTRIC  FlllOS. 

D.  L.  Hjersen 

EFFECTS  OF  HIGH  INTENSITY  60  Hz  ELECTRIC  FIELDS 
ON  PRIMATE  BEHAVIOR:  EXPOSURE  FACILITY,  FIELD 
MEASUREMENT  TECHNIQUES  AND  INDIVIDUAL  PERFOR- 
MANCE. C.  S.  Feldstone,  R.  T.  Smith,  H.  F. 

Barsun,  E.  Bronaugh,  R.  Spiegel,  J.  Polonis, 

E.  E.  Dean,  K.  St.  Mary,  A.  D.  Smith 
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NAVAGA T IONAL  COMPASS  IN  MAGNE TOT  ACT  I C HACTFRIA. 

R 8 Franket  , R.  P.  Blakemore,  A.  J.  Raimi  |r\ , 

C.  R.  Denham 

THRESHOLD  VALUES  FOR  MAGNETO-  ANO  tLICTROPHOS- 
PHENES--A  COMPARATIVE  STUDY.  P.  Lovsund,  P A 
Ober  q , S.  T G.  Nilsson 

STUDIES  OF  MUTAGENIC  EFFECTS  OF  MAGNETIC  FIELDS 
IN  BACTERIA.  S.  C.  Causey,  F.  P.  Humid  tr 

SHORT-TERM  EXPOSURE  OF  RHESUS  MONK!  YS  TO  ZO.OOO 
GAUSS  STEADY  MAGNETIC  FlllP.  J.  H.  Bat  tor  I e 1 1 1 , 

A.  Sances,  Jr.,  S Sal les-Cunha,  R.  E.  Halbach, 

F.  J.  Antonlch,  J.  Nelson,  J.  Mykelbust 

All  IMPROVED  IMPLANTABLE  ELECTRIC  FltLD  PROBE  FOR 
MICROWAVE  DOSIMETRY.  H.  Bassen,  K.  Franks,  S. 
Neuder,  E.  Aslan 

AN  NONPERTURBING  TEMPERATURE  PROBI  SYSTIM 
DESIGNED  FOR  HYPERTHERMIA  MONITORING.  0.  A. 
Christensen,  R.  J.  Volz 

AN  OPTICAL  NONPERTURBING  PROBI  TOR  TEMPERATURE 
MEASUREMENTS  IN  RIOLOGICAL  MAT! RIAL  S IKPOSEP  TO 
MICROWAVE  RADIATION.  F.  CavAlortd,  P.  E.  Schoen, 
J.  P.  Sheridan 

COMMERCIAL  MICROWAVE  HAZARD  ME Tl RS  A LABORATORY 
EVALUATION.  W.  A.  Herman,  D.  M.  Witters,  Jr. 

A HIGH-SENSITIVITY,  ULTRA-BROADBAND  RADIATION 
PROBE.  S.  Hopfer,  Z.  Adler 

DOSIMETRIC  USE  OF  SCHOTTKY  0I0DIS.  W A.  Herman 

POWER  DENSITY  FLUX  MEASUREMENTS . T.  M.  BahiJ, 

H.  Trzaska 

CONSIDERATIONS  AND  CRITERIA  FOR  A RECOMMENDED 
STANDARD  FOR  OCCUPATIONAL  EXPOSURE  TO  RADIO- 
FREQUENCY AND  MICROWAVE  FIELDS.  R.  F.  Boqqs . 

Z.  R.  Glaser,  J.  K.  Kiel  man 

DEVELOPMENT  OF  OCCUPATIONAL  EXPOSURE  RECOMMENDA- 
TIONS: OBSERVATIONS  ON  THE  USES  OF  RF/M I CROWAVE 
ENERGY.  Z.  R.  Glaser,  R.  F.  Boqqs.  R.  F.  Cleve- 
land, J.  K.  Kielman 

MEASURED  MODULATION  WAVEFORM  01  LEAKAGE  RADIATION 
MICROWAVE  OVENS.  II.  S.  Ho,  W.  P.  Edwards 

MICROWAVE -INDUCED  PRESSURE  WAVES  IN  A MOOEl  OF 
BIOLOGICAL  TISSUE.  R.  G.  Olsen,  W.  C.  Hammer 

ELECTROMAGNETIC  EXPOSURE  EFFECTS  ON  THE  VISUAL 
SYSTEM  OF  A FLYING  INSECT.  S.  S.  Sandler.  W. 

Peros 

RADIATION  OF  OPt N WAVEGUIDES  APPLICATION  TO 
BIOMEDICAL  PROBES.  J.  Audet , J.  Ch.  Bolomey, 

Ch.  Plchot 

A CORRUGATED  WAVEGUIDE  APPLICATOR.  Q . Balzano, 

0.  Garay,  C.  H.  Sutton 
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MEASURED  I Nl  t KNAL  tilt  TR I C I HID  IN  PHANTOM 
HUMAN  HI  ADS  EXPOSED  10  L l AKAGI  RADIATION  I ROM 
MILROWAVE  OVINS.  H.  S.  Ho.  W P.  tdwaids,  II 
Bassen 

ML  ASURt  Ml  NTS  01  E LEC10MAGNI  T I C At  I I V I I 1 1 S 01 
THE  HUMAN  RUDY  IN  I HI  TREQUENCY  RIG  I ON  I Ml/ 

Z GHz.  B.  Enander,  G.  Larson 

MICROWAVl  DIATHERMY  TRLATMINI  01  Till  HUMAN 
THIGH:  Tilt  SIMULTANEOUS  MEASLIRI  ML  NT  OT  MUSI  1 1 
BLOOD  ILOW  (MBF)  AND  TEMPI  RATURI  OF  Till  HUMAN 
THIGH  DURING  MICROWAVL  DIATHERMY.  K.  M.  Sekins, 
A.  F.  Emery,  J.  I . Lehmann,  W.  B.  Nelp,  l). 
Dundore 

IMMUNOLOGIC  ASP!  CTS  IN  LANIIR  TREAT  MIN  I BY 
MICROWAVl  HYPERTHERMIA.  W.  Roszkowskl,  S. 

Szrrrl  (j I e I sk  I , M.  Janiak 

MICROWAVl  EFFECTS  ON  ENERGY  LEVELS  01  BRAIN 
AND  MALIGNANT  BRAIN  TUMOR.  A.  P.  Sanders,  D. 

J.  Schaefer,  W.  T.  Jolnes 

ELECTRICAL  STIMULATION  OF  ALVEOLAR  BONE.  0.  B. 
Hairinqton,  T.  A.  Chen,  P.  Mollica,  F.  Davis 

IN  VIVO  STUDY  OF  60  Hz  ELECTRIC  FIELD  EFFECTS. 

D.  M.  Koltun,  S.  N.  Ackerman,  D.  M.  Welssfeld, 

J . M . Set o , Y . J . Set o 

GROWTH  Of  RATS  AND  MICE  EXPOSED  TO  bll  Hz  ELEC- 
TRIC FIELDS.  R.  D.  Phillips,  J.  H.  Chandon,  0. 

I . Hilton,  R . L . She  1 don 

EFFECTS  OF  EXPOSURE  TO  bO  Hz  ELECTRIC  FIELDS 
ON  GROWTH  ANO  DEVELOPMENT  IN  THE  RAT.  L.  0. 
Montqomery,  L.  G . Smith,  M.  R.  S I kov 

CHRONIC  EXPOSURE  OF  RATS  TO  100-MHz  (CW) : 
ASSESSMINT  OF  BIOLOGICAL  IEFICTS.  R.  J. 
Smlalowlcz,  E.  Berman,  S.  J.  Bursian,  J.  B. 
Klnn,  C.  G.  Llddle,  l W.  Reiter.  C.  M.  Weil 

THE  EFFECT  OF  PRtNAIAl  MICROWAVE  EXPOSURE  ON 
THE  DEVELOPMENT  OF  BEHAVIQRAI  RESPONSES  IN 
THE  MOUSl . J.  C.  Monahan 


DEVELOPMENT  ALTERATIONS  IN  RAIS  FOLLOWING  IN 
VIVO  EXPOSURE  TO  SOO  i.W/rnr  , .’ASO  Mil/  MICRO 
WAVES.  S.  J.  Mlzumorl,  R.  H.  Lovely.  R R. 
Johnson,  A.  W.  Guy 

THE  EFFECT  ON  Till  HI  ART  RAH  01  EMBRY  ON  It 
QUAIL  OF  2 A SO  MHz  ELECTROMAGNETIC  WAVI  s P. 

E.  Hamrick,  D.  I.  McRee 

TERATOGENICITY  01  Z/.IZ  MHz  RADIOFRI  QUINCY 
RADIATION  IN  RAIS.  J.  M Ears,  D l Conover, 

E.  D Toley,  P.  t.  Hatrset 

STUDIES  CONCIRNING  1 HI  IfliCTS  01  NON  1HIRMAI 
PROTRACT  l D PRI  NA1  Al  ,’ASO  MHz  MICROWAVl  IRRAD- 
IATION ON  PRENATAL  AND  POSTNATAl  DIVE  l DPMI  NT 
IN  Till  RAT.  R.  P Jensh , W H.  Voqe  I , J Ludlow, 
T . Mi  Huqh,  R.  L . Brent 
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EXPOSURE  OF  PREGNANT  MICE  TO  2.45  GH/  MICROWAVE 
RADIATION.  D.  I.  McRee,  P.  Nawrot 

TERATOGENIC  EFFECTS  OF  RF  RADIATION  ON  MICE. 

J.  C.  Nelson,  J.  C.  Lin,  M.  E.  Ekstrom 

OBSERVATIONS  OF  RAT  FETUSES  AFTER  IRRADIATION 
WITH  2.*4$  GH/  (CW)  MICROWAVES.  E.  Berman,  H. 

B.  Carter,  D.  House 

TERATOLOGY  IN  RATS  EXPOSED  TO  245 0 MM/  MICRO- 
WAVES  AT  INTENSE  AND  INTERMEDIATE  DOSE  RATES. 

M.  E.  Chernovet/,  D.  Reeves,  D.  R.  Justesen 


XII  INTERNATIONAL  CONFERENCE  ON  MEDICAL  AND  BIOLOGICAL 
ENGINEERING/V  INTERNATIONAL  CONFERENCE 
ON  MEDICAL  PHYSICS 

Pa  te:  August  10-24,  19  79 
Place:  Jerusalem,  Israel 

Sf'onsor:  Israel  Society  for  Medlc.il  R Biological 

Engineering  ( I SMB  E ) ; I nternat Iona  I federation  for 
Medical  R Biological  Engineering  ( I E MB  E ) ; Internal' 1 
Organization  for  Medical  Physics  (lOMP)  Israel 
Society  for  Medical  Physics  (ISMP) 

Request#  for  Information:  Dr.  A.  Werner,  Chaim  Sheba 
Medical  Center,  Dept.  Oncology,  Sackler  School  of 
Medicine,  Te I -Hashomer . Israel 

Content:  Tentative  topics  include  artificial  organs, 
biomaterials,  biomechanics,  clinical  engineering, 
diagnostic  radiology,  hazards  and  safety,  health 
physics,  nonionizing  radiation,  medical  instrumen- 
tation, and  radiation  dosimetry 


NINTH  EUROPEAN  MICROWAVE  CONFERENCE 


Pate:  September  17*71,  1979 

Place:  Brighton,  England:  The  Brighton  Centre 
tyoneor:  The  Institution  of  Electrical  Engineers; 
Institution  of  Electronic  and  Radio  Engineers 
Requests  for  Information:  Professor  Peter 
Clarri coats,  European  Microwave  Conference  Chairman, 
Dept.  Electrical  R Electronic  Engineering,  Queen 
Mary  Coll.,  Mile  End  Rd.,  London,  E.l.  4NS,  England 
Content:  Topics  will  Include  microwave  technology 
and  instrumentation 


ENGINEERING  IN  MEDICINE  AND  BIOLOGY  32nd  Annual  Confanmo* 

l\ite:  October  6-10,  1979 
Place:  Denver,  CO:  Denver  Hilton  Hotel 
Cl'oneor:  Alliance  for  Engineering  in  Medicine 
and  Biology  (AEMB) 

Requests  for  Information:  Mrs.  P.  I.  Horner, 
Administrative  Director,  Alliance  for  Engineering 
in  Medicine  and  Biology,  4405  East-West  Highway, 
Suite  404,  Bethesda,  MD  20014 


\ '»t  t c»i  t : Topics  will  Include  bioelectric  signals- 
EKG,  EEG,  ENG;  biomaterial s;  b lote I emct ry ; non 
invasive  diagnostic  technology;  biomedical  trans- 
ducers; mathematical  mode  1 s and  simulation;  micro- 
processors in  biomedical  applications;  standards 
and  regulations 


WESTEHN  OCCUPATIONAL  HEALTH  CONFERLNCL 

:\ite:  October  11-13,  19  79 

Place:  San  Francisco,  CA:  Fairmont  Hotel 

:)  ns  r:  Western  Occupational  Medical  Assoc. 

(W0MA) ; American  Industrial  Hygiene  Assoc.  (AINA); 
Health  Physics  Society  (HPS)  ; American  Society  ot 
Safety  Engineers  ( ASS  C 3 ; Western  Assoc.  Occupational 
Health  Nurses  (WAPHNT 

Re.;uests  fi'r  .'nforwhit  ion : B.  H.  Bravlndcr,  W0MA, 

Box  201 . Alamo,  CA  94507 

On! out : Topics  will  Include  Fundamentals  and  New 
Directions  in  Industrial  Hygiene;  Fundamentals  of 
Radiation  Safety.  Magnetic  Fields  in  New  and  Old 
Technologies  and  Their  Potential  Biomedical  Effects 


INTERNATIONAL  RADIATION  PROTECTION  ASSOCIATION 
SECOND  ASIAN  REGIONAL  CONGRESS  ON  RADIATION  PROTECTION 

\I,V;  November  19-23*  19/9 
Place:  Manila,  Philippines 

Ct'i'nsor:  Philippine  Association  for  Radiation 
Protection;  Japan  Health  Physics  Society 
Roqui'Sts  ror  Inforryition:  Dr.  Celia  T.  Anatal  io. 
Congress  President,  Director,  Radiation  Health 
Office,  Ministry  of  Health,  San  Lazaro  Compound, 
Hizal  Avenue,  St  a.  Cruz,  Manila,  Philippines 
■ ’.'Nft'Mf.*  Topics  will  include  environmental  radia- 
tion hazards  and  protection,  medical  radiation 
hazards  and  protection,  nuclear  power  and  irradia- 
tion facilities,  dosimetry,  public  education  and 
acceptance,  research  and  new  development s in 
radiation  protection,  regulations,  codes  and 
standards,  nonionizing  radiation,  special  topics 
on  radiation  protection,  and  health  physics  training 
and  manpower  development 


RADIOlOGICAl  SOCIETY  OF  NORTH  AMFRICA  Annual  Mutiny 


Pate:  November  25- TO,  19/9 
Place:  Atlanta.  GA 

ft'onsor:  Radiological  Society  of  North  America 
(RSNA) 

Requests  for  InfoWkltio*;:  Ms.  A.  Swenson,  RSNA, 
Suite  1150,  Oak  Brook  Regency  Towers,  1 4 1 S W.  ??nd 
St . , Oak  Brook,  IL  60S? 1 

'antent:  Topics  will  Include  diagnostic  radiology, 
therapeutic  radiology,  nuclear  medicine,  ultrasound, 
pediatric  radiology,  neuroradiology , physics,  cardio 
vascular  radiology,  and  radiobiology 
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INTI  KNAT IONAI  RADIATION  PHOT  I CT  ION  ASSOCIATION 
Fifth  International  CongitM 


:vifi  Hatch  9-  u»,  nflo 

: Je  r usa I em,  Israel  Jerusalem  Convention  Center 

:)  ’»u»v’tv  Israel  Health  Physics  Society;  Internal1! 
Radiation  Protect  ion  Assoc.  (IRPA) 

Kthjlu'fitti  /*.’»•  >i/'.  'miff.  : Israel  Health  Physics 
Society,  c /o  Soreg  Nuclear  Research  Center,  Yavne 
/Of 00,  Israel 

Sessions  will  cover  all  aspects  of  pro- 
tection against  ionl/inq  and  nonionizing  radiation 
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0439  QUANTIFICATION  AND  MEASUREMENT  OF  INTERNAL 
ELECTROMAGNETIC  FIELDS  INDUCED  IN  FINITE 
BIOLOGICAL  BODIES  BY  NONUNIFORM  ELECTROMAGNETIC 
FIELDS.  Chen,  K.  (Michigan  State  Univ.,  Sch.  Engin- 
eering, Dept.  Electrical  Engineering  6 Systems  Sci- 
ence, Engineering  Building,  East  Lansing,  Ml  A882 A ) . 

A theoretic  basis  will  be  developed  for  quantifica- 
tion and  measurement  of  internal  e lec t romagnet ic 
fields  induced  in  finite  biologic  bodies  by  non- 
uniform  electromagnetic  fields.  Experimental  con- 
firmation will  be  sought  by  use  of  implantable  probes 
in  simulated  models.  A theoretic  study  of  implanted 
probes  and  their  response  within  the  medium  will  be 
made.  The  Army  is  using  electromagnetic  radiation 
to  provide  communication  links;  to  probe  the  battle 
environment  for  enemy  presence,  equipment,  and  ac- 
tivities; to  control  defensive  ordnance;  and  to  con- 
trol guidance  of  ordnance.  Individual  and  cumulative 
levels  of  these  radiated  energies  are  becoming  a 
considerable  concern  because  of  their  effects  on  the 
natural  environment  and  on  man.  The  theoretic  method 
will  be  tested  on  numeric  solution  of  a tensor  inte- 
gral equation  quantifying  the  interna)  electromag- 
netic field  induced  in  a finite,  heterogeneous  bio- 
logic body  by  an  incident,  non-uniform  electromagne- 
tic field.  In  this  method  the  body  is  subdivided 
Into  a selected  number  of  small  sub-volumes,  and  the 
individual  electric  properties  determined.  Measure- 
ments with  sample  probes  immersed  in  various  simulant 
media  will  determine  parameters  for  testing  the  theo- 
retic derivations  of  probe  interactions,  (funding 
period  4/76-n/a) 

Supporting  Agency :U.S.  Dept.  Defense:  Army,  Army 
Material  Development  & Readiness  Command,  Army  Res. 
Office 


0440  TERATOGENIC  STUDY  OF  MICROWAVE  RADIATION 
IN  MICE.  Staples,  R.  E.;  McRee,  0.; 
Nawrot,  P.  S.  (U.S.  Dept.  HEW,  Public  Health  Ser- 
vice, Natl.  Inst.  Health,  Natl.  Inst.  Environmental 
Health  Sciences,  Lab.  Environmental  Toxicology, 

P.0.  Box  12233,  Research  Triangle  Park,  NC  27709). 

Groups  of  pregnant  Charles  River  CD1  mice  are  being 
exposed  to  5,  21,  and  30  mW/cm2  of  constant  or 
pulsed  electromagnetic  radiation  at  2,450  MHz  from 
days  1 through  6 or  days  6 through  15  of  gestation. 
All  mice  will  be  autopsied  at  day  18  of  gestation 
and  fetuses  will  be  examined  for  gross  external, 
visceral,  and  skeletal  changes,  (funding  period 
OO/79-n/a) 

Supporting  Agency:HEW,  PHS,  NIH,  Natl.  Inst.  Envi- 
ronmental Health  Sciences 


0441  BIOLOGICAL  INTERACTIONS  WITH  AND  HAZARDS 

OF  MICROWAVE  RADIATION.  Larsen,  L.  E . ; 
Jacobi,  J.  H.  (U.S.  Dept.  Defense:  Army,  Medical 
Res.  6 Development  Command,  Neuropsychiatry  Div., 
Washington,  DC  20012). 

In  order  to  protect  the  health  and  effectiveness 
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of  military  units  and  affected  civilian  populations 
in  microwave  and  radio  frequency  environments,  sys- 
tem developers  and  agencies  responsible  for  safety 
standards  will  provide  technical  information  to  the 
surgeon  general.  This  requires  an  analysis  of  the 
biophysics  and  bioeffects  attributable  to  nonion- 
izing radiation  under  laboratory  conditions  that 
reasonably  simulate  operational  exposures.  Basic 
and  applied  research  on  the  problem  of  microwave 
and  radio  frequency  interactions  will  be  performed 
at  all  levels  of  analysis  from  the  cellular  and 
molecular  to  metazoan  physiology,  pathophysiology, 
and  behavior.  This  requires  (l)  development  of 
measurement  systems  for  dosimetric  analysis  ex  vacuo, 
in  vitro,  and  in  situ;  (2)  evaluation  of  frequency, 
power  level,  polar i za t ion  and  modulation  as  im- 
portant parameters  of  the  radiation;  and  (3)  use 
of  low  level  energy  to  assess  the  functional  state 
of  cells  and  tissues.  (funding  period  7/71-cont.) 

Supporting  Agency:U.$.  Dept.  Defense:  Army,  Medical 
Res.  i Development  Command,  Walter  Reed  Army  Inst. 

Res . 


0442  NEUR0BEHAV I ORAL  TOXICITY  OF  DEVELOPMENTAL 

EXPOSURE  OF  JAPANESE  QUAIL  TO  MICROWAVE 
IRRADIATION.  Tilson,  H.  A.;  McRee,  0.  I.;  Mitchell, 
C.  L.  (U.S.  Dept.  HEW,  Public  Health  Service,  Natl. 
Inst.  Health,  Natl.  Inst.  Environmental  Health  Sci- 
ences, Behavioral  Toxicology  Group  Section,  P.0. 

Box  12233,  Research  Triangle  Park,  NC  27709) - 

The  long-term  neurobehavl ora  1 effects  of  perinatal 
exposure  of  Japanese  Quail  eggs  (Cotumix  ootumix 
iaponica)  to  2,450  MHz  continuous  wave  microwave 
irradiation  at  a power  density  of  5 mW/cm2  for  the 
first  12  days  of  development  will  be  assessed. 

Sexual  and  reproductive  behaviors,  a battery  of 
behavioral  and  neurologic  measurements,  learning 
and  retention,  and  baseline  performance  on  an 
operant  schedule  will  be  evaluated.  (funding  per- 
iod 10/77-9/78) 

Supporting  Agency:HEW,  PHS,  NIH,  Natl.  Inst.  En- 
vironmental Health  Sciences 


0443  TUMOR  RAO  1 0CHEM0THERAPY : EFFECTS  OF  UL- 

TRASOUND AND  HEAT.  Hahn,  G.  M. ; Marmor, 
J.  B.  (Stanford  Univ.,  Sch.  Medicine,  Dept.  Radi- 
ology, Stanford,  CA  94305). 

The  interaction  of  x-irradiatlon  and  chemotherapy 
with  hyperthermia  generated  by  ultrasound  and  mic- 
rowaves in  effecting  tumor  cures  in  laboratory  an- 
imals will  be  investigated.  Specifically,  the  ef- 
fects of  ultrasound  and  microwaves  in  cells  will  be 
examined  in  vitro  and  in  vivo  at  temperatures  above 
37  C.  Combined  treatments  of  x- i rradl ation  (or 
chemotherapy)  and  ultrasound-  and  mi crowave- i nduced 
hyperthermia  will  be  quantitated  in  tissue  culture 
systems  and  in  experimental  tumors.  Both  cell 
survival  studies  of  EMT-6  tumors  as  well  as  tumor 
cure  experiments  with  EMT-6  and  other  tumors  will 
be  performed.  Combinations  that  prove  promising 
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will  be  examined  for  possible  clinical  applications. 
Equipment  to  carry  out  laboratory,  and  eventually 
clinical  studies,  will  be  developed.  (funding  per- 
iod 12/77-11/79) 

Supporting  Agency:HEW,  PHS,  NIH,  NCI 


0444  NAVY  ENVIRONMENT:  MECHANISMS  Of  MICROWAVE- 
INDUCED  BLOOD-BRAIN  BARRIER  ALTERATIONS, 
lln,  J.  C.;  Noonan,  S,  M.  (Wayne  State  Unlv,,  Sch. 
Engineering,  5950  Cass  Ave.,  Detroit,  Ml  48202), 

Microwave  fields,  such  as  those  emitted  by  radar 
equipment,  have  been  shown  to  alter  the  blood-brain 
barrier  system  In  rats.  At  this  time,  the  mechanisms 
of  this  alteration  are  not  known.  The  objective  of 
this  research  is  to  determine  the  possible  inter- 
action mechanisms  with  the  use  of  biochemical  and 
biophysical  analyses.  The  first  phase  of  this 
study  will  be  directed  toward  the  biophysical 
aspects  of  absorbed  energy  inside  the  rat  brain. 
Emphasis  will  be  placed  on  any  direct  correlation 
between  absorbed  energy  and  observed  alteration  in 
permeability.  The  second  phase  will  deal  with  the 
implications  of  pulsed  microwave- induced  thermo- 
elastic  displacement  of,  and  stress  in,  the  brain 
tissue.  In  addition,  any  physical  manifestations 
of  change  as  might  be  seen  by  electron  microscopy 
of  the  specific  regions  of  the  b rain  that  show 
permeability  changes  will  be  investigated.  (fund- 
ing period  4/78-cont.) 

Supporting  AgencyiU.S.  Oept.  Oefense:  Navy,  Office 
Naval  Res. 


0445  THE  EFFECT  OF  MICROWAVE  RADIATION  ON  THE 
HEART  OF  EMBRYONIC  QUAIL.  Hamrick,  P.  E.: 
McRee,  0.  I.  (U.S.  Dept.  HEW,  Public  Health  Service, 
NIH,  Natl.  Inst.  Envi ronmental  Health  Sciences, 
Microwave  Res.  Section,  P.0.  Box  12233.  Research 
Triangle  Park,  NC  27709) . 

This  project  will  determine  if  and  how  microwave 
radiation  interacts  with  the  embryonic  quail  heart 
or  causes  a change  in  heart  rate.  If  a heart  rate 
effect  is  found,  the  change  in  heart  rate  as  a func- 
tion of  absorbed  microwave  energy  will  be  studied. 
Changes  in  heart  rate  due  to  temperature  changes 
will  be  controlled.  (funding  period  10/77-9/78) 

Supporting  Agency:HEW,  PHS,  NIH,  Natl.  Inst.  Environ- 
mental Health  Sciences 


0446  EFFECTS  OF  2450  MHz  MICROWAVE  RADIATION  ON 
BIOLOGICAL  MATERIALS  AT  CELLULAR  LEVEL. 
Hamrick,  P.  E.;  McRee,  0.  I.  (U.S.  Dept.  HEW, 

Public  Health  Service,  Natl.  Inst.  Environmental 
Health  Sciences,  Microwave  Res.  Section,  P.0.  Box 
12233,  Research  Triangle  Park,  NC  27709). 

The  objectives  of  this  project  were  to  determine  how 
2,450  MHz  microwave  radiation  Interacts  with  bio- 
logic material  at  the  cellular  and  macromolecular 
level,  to  observe  any  effects  of  this  interaction, 


and  to  relate  the  amount  of  microwave  energy  ab- 
sorbed to  the  effects.  Biologic  systems  employed 
in  the  study  were:  bacteria  and  bacteriophage, 
solutions  of  DNA,  2-4  cell  stage  embryos  from  mice, 
rabbit  erythrocytes,  and  rat  lymphocytes.  The 
temperature,  humidity,  and  other  growth  conditions 
were  carefully  monitored  to  eliminate  any  effects 
not  intrinsically  caused  by  the  microwave  radiation. 
Very  few  nonthermal  differences  between  exposed  and 
control  samples  were  detected.  (funding  period 
10/76-9/78) 

Supporting  Agency'.HEW,  PHS,  NIH,  Natl.  Inst.  Environ 
mental  Health  Sciences 


0447  PHYSICAL  SCIENCE  COLLABORATIVE  RESEARCH. 

Atkinson,  E.  R.;  Kim,  Y,  W, • Mahendroo, 

P.;  Bull,  J.  M. ; Vanecho,  0.  A.  (U.S.  Dept.  HE W, 

Public  Health  Service,  Natl.  Inst.  Health,  Natl. 

Cancer  Inst.,  9000  Rockville  Pike,  Bethesda,  MO 
20014) . 

Physical  science  col laborat ion  is  being  conducted  in 
automated  tissue  culture  colony  counting,  millimeter 
wave  spectroscopy  of  tumor  cells,  whole  body  hyper- 
thermia patient  treatment,  whole  body  hyperthermia 
animal  studies,  toxicity  of  chemotherapeutic  agents 
at  elevated  temperatures,  nonthermal  effects  of 
microwaves,  precision  measurement  of  size  of  biologic 
objects,  mass  spectroscopy  of  biopolymers  and  un- 
natural isotopes,  nuclear  magnetic  resonance  of 
membrane  specific  proteins,  human  therrooregul at i on, 
receptor  site  tertiary  structure  by  electron  spin 
resonance,  dielectric  properties  of  normal  and 
tumor  tissues,  pion  production  at  low  energies  in 
the  laboratory  frame,  tissue  sensitizers  for  ionizing 
radiation,  microwave  imaging  techniques,  ultrasonic 
temperature  measurement,  liquid  crystal  effects  in 
biologic  materials,  optical  and  viscometric  techniques 
for  temperature  measurement,  and  actin  and  myosin 
mechanics.  (funding  period  10/76-9/78) 

Supporting  Agency:HEW,  PHS,  NIH,  NCI 


0448  MICROWAVE  EXPOSURE  SYSTEMS  AND  MICROWAVE 
DOSIMETRY.  McRee,  D.  I.  (U.S.  Dept.  HEW, 
Public  Health  Service,  Natl.  Inst.  Health,  Natl.  Inst. 
Environmental  Health  Sciences,  Microwave  Res.  Section, 
P.0.  Box  12233,  Research  Triangle  Park,  NC  27709). 

Exposure  systems  for  bioeffects  research  and  test 
techniques  for  measuring  energy  absorption  are 
being  developed.  The  waveguide  system  for  exposing 
isolated  neurons  to  2,450  MHz  microwave  radiation 
has  been  modified  so  that  longer  survival  times  and 
constant  temperatures  of  the  nerves  during  exposure 
can  be  achieved.  Small  thermistor  probes  have  been 
used  to  measure  deep  colonic  temperatures  in  preg- 
nant mice  during  exposures  to  2,450  MHz  microwave 
radiation.  Using  the  temperature  profiles  measured 
in  the  dead  animals  to  calculate  average  absorption 
rates,  the  results  agreed  well  with  both  calculated 
and  measured  whole-body  absorption  reported  In  the 
literature.  A system  for  exposing  groups  of  marine 
animals  to  different  intensity  levels  simultaneously 
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without  significant  perturbation  of  the  microwave 
field  by  the  location  and  orientation  of  the  animals 
has  been  developed  and  tested.  (funding  period 

10/76-9/78) 

Supporting  Agency:HEW,  PHS,  NIH,  Natl.  Inst.  Environ- 
mental Health  Sciences 


0449  EFFECTS  OF  MICROWAVES  ON  NEURA'  RESPONSE. 

Me  Ree , 0.  Wachtel,  M.  (U.S.  Dept.  HFW, 

Public  Health  Service,  NIH,  Natl.  Inst.  E nv i ronmen t a 1 
Health  Sciences,  Microwave  Res.  Section,  P.0.  Box 
17233,  Research  Triangle  Park,  NC  27709). 

The  effect  of  microwave  radiation  on  neurologic 
response  will  be  determined.  Isolated  neurons , 
such  as,  the  abdominal  ganglion  of  A:  ‘ur  ’ , the 
sciatic  nerves  of  frogs,  and  the  saphenous  nerves 
of  cats  will  be  exposed  to  continuous  wave,  pulsed, 
and  modulated  microwave  radiation  in  the  power  den- 
sity range  of  1-10  mW/cm  . The  effects  of  the  radia- 
tion on  the  st rengt h-durat Ion  of  a stimulus  to  pro- 
duce an  action  potential,  amplitude  of  the  response, 
and  conduction  velocity  will  be  Investigated.  Fatigue 
and  recovery  of  the  neurons  under  rapid,  multiple 
stimulation  will  also  be  studied.  A series  of  ex- 
periments to  determine  if  continuous  wave,  2, 450  MH/ 
microwave  radiation  increases  the  fatigue  rate  or 
changes  the  vitality  of  the  frog  sciatic  nerve  were 
completed.  The  frog  sciatic  nerves  v*»re  exposed  in 
a waveguide  to  specific  absorption  rates  of  100,  50, 
and  20  W/kg.  The  nerves  were  stimulated  with  twin 
pulses  (separated  by  5-msec  intervals)  at  a repeti- 
tion rate  of  500  pulses/sec  to  accelerate  the  rundown 
time.  Distinct  changes  In  the  excitability  and  re- 
fractoriness of  the  exposed  nerve  were  seen  in  com- 
parison to  the  control  nerve.  The  vitality  of  the 
nerve  was  affected  and  was  greater  for  the  higher 
dose  rates.  (funding  period  10/76-9/78) 

Supporting  Agency :HEW,  PHS,  NIH,  Natl.  Inst.  Environ- 
mental Health  Sciences 


0450  TISSUE  INTERACTIONS  WITH  NONIONIZING  ELEC- 

TROMAGNETIC FIELDS.  Adey,  W.  R. ; Bawin,  S. 
M. ; Sheppard,  A.  R.;  Sagan,  P.  M. ; Bishop,  D.  F. 

(U.S.  Veterans  Admin.  Hosp.,  Dept,  Medicine  f. 

Surgery,  11201  Benton  St.,  Loma  Linda,  CA  92357)- 

The  biologic  effects  of  env i ronmenta I electromag- 
netic (EM)  fields  at  extra  low  frequencies,  very 
high  frequencies,  and  microwave  frequencies  will 
be  studied  with  special  reference  to  interactions 
with  the  central  nervous  system.  A multifaceted 
research  program  will  examine  (1)  molecular  biology 
of  cell  membrane  surfaces  and  mac romol ecul ar  mechan- 
i sms  In  weak  electric  field  transduction;  (2)  micro- 
physioloqy  of  cellular  responses  to  EM  field  exposure, 
performed  on  special  brain  tissue  preparations,  inver- 
tebrate ganqllon  cells,  bone  cell  cultures,  and  red 
and  white  blood  cell  elements;  (3)  behavior  and  cor- 
related biochemistry  of  chicks,  rats,  cats,  and 


coupling  of  natural  and  imposed  weak  EM  fields, 
(funding  period  10/ 7 8-n/a) 

Supporting  Agency’.U.S.  Veterans  Admin.,  Dept.  IVdi- 
c i ne  6 Surgery 


0451  DE  T E RMINAT ION  OF  TIME-DOSE  MICR0WAVI  RADIA- 

TION TO  INACTIVATE  P.  ,‘V  PSA  \ . SP0RI  S IN 
BONE  MEAL,  Whit  ford,  H.  W. ; Newton,  R.  W.  (Texas 
AtM  Univ.,  College  Station  Campus,  Sch.  Veterinary 
Medicine,  College  Station,  TX  77 843). 

The  time  and  intensity  of  microwave  radiation 
required  to  inactivate  P.  <ik  t • r : .•  :&  spores  sus- 
pended in  bone  meal  will  be  determined.  Researchers 
will  (1)  determine  the  t ime/heat  responses  of  bone 
meal  at  different  microwave  intensities;  (2)  inoculate 
bone  meal  with  P.  :Ktrr  f (Sterne  strain)  spores; 

(3)  expose  bone  meal-spore  mixture  at  different  micro- 
wave Intensities  for  varying  periods  of  time;  (4)  re- 
hydrate  bone  meal  with  medium  and  determine  presence 
or  absence  of  viable  spores;  and  (5)  calculate  the 
time-dose  of  microwave  required  to  inactivate  spores, 
(funding  period  5/77"1/79) 

Supporting  Agency: Texas  A L M Univ.  System 


0457  EFFECTS  OF  LONG  AND  SHORT  TERM  EXPOSURE  TO 

E MR  ON  SPECIFIC  LEARNFD  BEHAVIOR  OF  ANIMALS. 
Gage,  M.  I.  (FPA,  Office  of  Res.  £.  Development,  Health 
Effects  Res.  Lab.,  Research  Triangle  Park,  NC  2 771 0 - 

The  lowest  levels  of  microwave  exposure  needed  to 
alter  the  ability  of  rodents  and  primates  to  learn, 
remember,  and  perform  specific  behavioral  tasks  will 
be  determined.  Conditions  of  electromagnetic  radia- 
tion exposure  that  alter  behavioral  performance  and 
changes  in  conditions  of  exposure  that  alter  the 
effects  of  specific  power  densities  of  radiation  on 
behavior  also  will  be  determined.  Learning  and 
previously  trained  operant  behavior  in  rodents  and 
monkeys  will  be  measured,  and  performance  after 
single  exposures  or  during  the  course  of  chronic 
exposures  will  be  compared  with  baseline  behavior. 
Current  work  has  shown  that  increased  ambient  temp- 
erature exacerbates  the  effect  of  a given  power- 
density  of  microwaves  on  behavior  of  rats.  The 
next  phase  will  he  to  repeat  these  experiments 
with  monkeys.  (funding  period  1 0/ 77“ 1 0/8 1 3 

Supporting  Agency: I PA,  Office  Res.  6 Development. 
Health  Effects  Res.  Lab. 


0453  NONLINEAR  INTERACTIONS  OF  ELECTROMAGNETIC 

WAVES  WITH  BIOLOGIC  MEMBRANES.  Barnes, 

F.  S.;  Hu,  C.  J.;  Igor,  G,  R. ; Bottqer,  R.  (Univ. 
Colorado,  Boulder  Campus,  Sch.  Engineering  f.  Applied 
Science,  1200  University  Ave. , Boulder,  CO  8030?). 

The  nonlinear  interaction  of  electromagnetic  (EM) 
waves  with  biologic  membranes  will  be  examined  in 


monkeys,  with  observat Ions  on  free  and  learned  addition  to  the  effect  of  EM  fields  on  the  alignment 

behavior,  and  on  bioloqic  rhythms;  and  (4)  bio-  of  long  chain  molecules  in  the  presence  of  cells, 

physical  models  of  mac romol ecu  I ar  transduct ive  Theoretic  calculations  Indicate  that  there  should 
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b«  .1  will  direct  current  component  associated  with 
the  application  of  ni  c rowave  and  radio  f • equenc  y 
fields  that  In  turn  would  lead  to  an  imbalance  in 
the  charged  particle  concent r at  ions  across  the 
membrane.  The  size  of  this  coefficient  will  be 
measured.  The  effect  of  electric  fields  on  the 
or  lent  at  i (xi  of  long  chain  molecules  can  hr  oh 
served  with  the  use  of  b i re f r i mjenc e and  polarized 
light.  This  effect  has  been  observed  in  plav>.i  and, 
in  this  study,  t fx*  effect  will  be  sought  in  cell 
cultures.  (funding  period  ‘1  ’8-8  7*1) 

Supporting  Agencv:HlW,  PHS , FDA 


0454  HYPERTHERMIA  PRODUCTION  AND  ME  ASURl  ME  N 1 IN 

TISSUES.  Christensen,  D.  A.  Johnson,  C. 

C.;  Durney , C.  N ; Iskander,  M.  f , Plenk,  M.  P 
(Utah  Higher  E due  at  ion  System,  Un  i y Utah,  Svh. 
Engineering,  1400  E.  ?nd  St.,  Salt  lake  its.  UT 
84112)  . 

Hyperthermia  for  cancer  therapy  w i I 1 be  generated  in 
tissues  using  prototype  8 IS  MHz  microwave  rppluators 
New  applicators  will  be  designed  and  fabricated  at 
lower  frequencies  for  better  tissue  penetration  A 
temperature  profile  control  system  will  be  developed 
and  evaluated  using  surface  cooling  and  mu  'wave 
power  control  loops.  In  situ  temperature  e.isur  •”,ent  s 
will  be  made  by  nonperturbi  ng  GaAs  semi conduc tor 
fiberoptic  probes  Demons t rat  ion  tests  of  the 
hyperthermia  system  will  be  performed  i n an  i uU 
to  demonstrate  its  therapeutic  p<>ferrtial.  (funding 
period  9/78-8/781 

Supporting  Agency: HEW,  PHS,  NIH,  NCI 


0455  EFFECTS  OF  2450  MH/  MICROWAVFS  ON  THE 
EMBRYONIC  DEVELOPMENT,  IMMUNOLOGY  AND 
FERTILITY  OF  JAPANESE  QUAIL.  McRee,  D.  I . Thaston, 
J.  P.;  Pa rkhurs t , C.  R.  (U.S.  Dept.  HEW,  Public 
Health  Service,  Natl.  Inst  Health,  Natl  Inst 
Envi ronmenta!  Health  Sciences,  Microwave  Res 
Section,  P.0.  Bos  1223).  Research  Triangle  Park, 

NC  27708) . 

The  effects  of  microwave  radiation  on  the  embryonic 
development,  immunology,  and  fertility  of  mature 
quail,  which  were  exposed  during  development , are 
being  investigated.  Fertilized  Japanese  quail  eggs 
were  exposed  to  2,450  MH/  microwave  radiation  at  an 
incident  power  density  of  5 mW\m  tor  the  first  12 
days  of  embr yogenes i s . The  eggs  were  then  trans 
f erred  to  a regular  hatching  Incubator  until  hatch 
(17  days) . Control  eggs  were  treated  identically 
except  for  the  microwave  exposure.  No  differences 
were  found  In  the  hatchability  or  development  in  the 
controls  and  exposed  quail.  The  quail  were  then 
placed  in  regular  feed  in g and  housing  facilities 
and  were  not  exposed  to  any  microwave  radiation  after 
hatch.  Reproductive  performance  in  the  quail  was 
monitored  from  6 through  22  wk  of  age.  Nonexposed 
controls  of  both  sexes,  as  well  .is  exposed  females, 
performed  normally.  However,  the  exposed  males  did 
not.  It  was  found  that  there  were  reduced  sperm 
numbers,  reduced  sperm  motility,  and  a decreased 


percentage  o<  fertile  eggs  produced  by  control  .*i 
exposed  females  when  paired  w i t h exposed  males. 
Mating  behavior  was  normal  in  both  exposed  and  non 
exposed  males  l funding  period  10  ’b  8/ 781 

SupjH'rting  Agency  HEW.  PHS,  NIH,  Natl  Inst  Environ 
•vntul  Health  s.  i ernes 


\*M  EFFECTS  Of  CHRONIC  E XPOSURt  TO  E MR  ON  IMMuNE 

Dl*ENM  MECHANISMS  Of  ANIMALS.  Smialowic/, 
K.  J.  (EPA,  Health  Effects  Res  Lab.,  Durham,  NC 

2 77  1 1 ) . 

K.it>  will  be  exposed  to  100  MH/  continuous  wave  (CW) 
•icrowave  radiation  in  utero  and  or  through  early 
life  to  determine  whether  long-term  exposure  causes 
changes  in  Ivmpfxnvte  turret  ion.  The  effect  of  815 
MH.*  on  the  *viune  function  of  exposed  rats  a I so  will 
he  determined  Rats  will  be  exposed  daily  to  a for- 
ward power  of  50  W at  100  MH/  (CW)  under  controlled, 
eav  • r v*n  ••en  t a I eond'fions,  throughout  •.’♦‘station  and 
early  post  natal  life  Adult  rats  will  hr  exposed 
for  at  least  20  hr  fay  to  815  MH/  tor  1 -2  mo. 
He'atv'logu  and  munolog i v.  indices  will  he  ’x*asuied 
and  compared  between  sham  ind  .«  v rowave  exposed  rats. 
Complete  blood  counts,  ev  vr.it  ien  of  frequencies  of 

B and  i lymphocytes  1 n lymph  nodes,  nitrogen  itifn 
ulated  lymphocyte  responses,  and  growth  rates  in  rats 
will  he  compared  Rats  are  presently  being  exposed 
to  100  MH/  in  a chronic  study  These  rats  wet e 
exposed  in  utero  and  will  be  exposed  through  80 
days  of  age  Data  from  rats  sacrificed  at  72  and  42 
days  of  age  ‘'owed  no  differences  in  l he  hematologic 
md  immunologic  indices  Measured  between  sham-  and 
microwave  exposed  rats  Exposure  of  rats  to  815  MHz 
will  begin  in  a few  months.  (funding  period  V‘78 
\ ’oi 

Supporting  Agency ‘Ef A,  Office  Res.  s Development, 

Hea 1th  E f fee  t s Res  Lab 


045  * Iff  El  15  Of  MICROWAVES  ON  SISTER  CHROMATID 

tU' NANCE  IN  BONE  MARROW  CELLS  Of  MICE. 
McRee,  D.  I . liviaqston,  iT  (U.S  Dept  HEW,  Pub 
lie  Health  Service,  Natl  Inst.  Health,  Natl.  Inst 
Env  i ronmental  Health  Si  icues,  P.0  Box  1 22  33  , 
Research  Triangle  Park,  NC  27708) 

The  effect*-  of  whole  body  irradiation  of  the  mouse 
on  the  number  of  si  iter  chrvxnatid  exchange's  ^SCE  1 
in  ho  ne  marrow  veils  were  1 nvest  i gated  . The  moa- 
surement  of  5CE  constitutes  the  most  sensitive  in 
die  a tor  yet  developed  f o » detecting  cytogenetic 
effects  of  mutagens  and  carcinogens  This  assay 
was  used  tv'  investigate  potential  mutagenic  bio 
effects  of  7,450  MH/  continuous  wave  microwave  rail 
iation  by  comparing  the  Incidence  of  SCI  in  hone 
marrow  cells  of  12  exposed  mice,  12  sham  controls, 
and  12  standard  controls.  The  animals  were  exposed 
f rom  above  foi  8 hr  day  to  an  i nc  ident  power  den- 
sity of  70  mW  vm  (spcv  i ♦ i c absorption  rate  deter 
mined  to  be  15  4 mW  ql  tor  .'8  days  Results  after 
scoring  more  than  TOO  veils  showed  that  the  incidence 
of  SCI  s i n the  exposed  group  was  not  s i gn i f i v an t I y 
different  fro  that  o*  the  unexposed  controls  The 
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value  was  approx  i mate  I v 3.0  exchanges  i>er  cell. 

( f un d I ng  period  1 0 1 7 7 - 9 / 7$ ) 

Supporting  Agency  HEW,  PHS , NIH,  Natl.  Inst  Environ- 
mental Health  Sciences 


04S8  REMOTE  STIMULATION  BY  RAD  I 0- FREQUENCY 

TRANSMISSION.  Glenn,  W.  W.,  Gee,  J.  B . . 
Allison,  T.;  Goff,  W.  R.  ; Lange , R.  C.  (Yale  Un i v . , 
Sch.  Medicine,  Dept.  Surgery,  333  Cedar  St  , New 
Haven,  CT  06S10). 

A method  of  long-term  stimulation  of  the  phrenic 
nerve  will  be  developed  specifically  for  the  treat- 
ment of  chronic  ventilatory  Insufficiency  Clinical 
studies  will  Include  monitoring  the  electronic  ap- 
paratus and  the  stimulation  of  the  nerves  by  eval- 
uating pulmonary  function,  nerve  conduction,  and 
diaphragm  function.  Of  particular  interest  are 
those  patients  who  exhibit  upper  airway  obstruction 
combined  with  central  alveolar  hypovent i )at ion. 
Stimulation  parameters  will  be  varied  first  in  ex- 
perimental animals  and  then  in  patients  to  minimize 
as  much  as  possible  the  current  delivered  to  the 
phrenic  nerve  and  still  provide  adequate  ventilation. 
Stimulation  parameters  will  include  current  level, 
wave  form,  pulse  Interval,  respiratory  rate,  and 
electrode  design.  Other  studies  will  include  the 
completion  of  a prototype  totally  implantable  di- 
aphragm pacemaker  unit  for  patient*.  (funding 

period  1/78-12/79) 

Supporting  Agency: HEW,  PHS,  NIH,  Natl.  Heart,  Lung 
S Blood  Inst. 


04S9  X-RAY  AND  MICROWAVE  HYPERTHERMIA  FOR  CAN- 

CER TREATMENT.  Robinson,  J.  E.;  Cheung, 

A.  Y. , Samaras,  G.  M. ; Harrison,  G.  H. ; Sjodln,  R. 

S.  (Univ.  Maryland,  Baltimore  Professional  Sch., 

Sch.  Medicine,  Dept.  Radiology,  1420  N.  Charles  St., 
Baltimore,  MD  21201). 

Researchers  will  design,  construct,  and  test  a system 
for  simultaneously  irradiating  cell  cultures  with 
microwaves  and  x-radiation  at  pre-selected  and  con- 
trolled elevated  temperatures  between  17.  *>  and  4$ 

C.  Using  this  system,  cells  will  be  subjected 
to  a range  of  microwave  power  levels  at  care- 
fully controlled  t empe r a t u r e s ; the  mi c rowa ve  powe r 
levels  will  range  from  a tew  mW/cm*  to  powers  high 
enough  to  produce  massive  thermal  cell  killing  in 
exposure  times  less  than  1 min.  Using  cell  survival 
and  cell  membrane  damage  as  primary  criteria,  it 
will  be  determined  whether  the  effects  of  microwave 
hyperthermia  are  different  from  water  bath  heating, 
and  whether  hyperthermia  produced  by  pulsed  micro- 
wave  sources  yields  significantly  different  effects 
from  those  caused  by  continuous  wave  microwave 
sources  operating  at  the  same  average  power  levels. 

It  will  also  be  determined  whether  there  are  sig- 
nificant differences  between  the  effects  of  simul- 
taneous x- 1 rradiat ion  and  water  bath  heating,  and 
simultaneous  x- 1 rradi at  ion  and  microwave- induced 
hyperthermia.  It  is  essential  to  determine  the 
effects  of  strong  electromagnetic  fields  (high  mic- 


rowave power)  at  elevated  temperatures,  since 
short  exposures  at  high  I ns tantaneous  power  levels 
are  being  used  to  develop  shaped  thermal  fields 
tor  hyper  thermal  treatment  of  cancel  pat  rents 
(funding  period  d/7  8-8 '7*4) 

Support i ng  Agency  HEW,  PHS,  NIH,  NCI 


0460  BEHAVIORAL  AND  BIOLOGICAL  EEFECTS  Of  RE  SON 

ANT  ELECTROMAGNETIC  POWE R ABSORPTION  IN 
RATS.  Gandhi,  0.  P.  (Lltah  Higher  Education  Systr”, 
Univ  Utah,  Sch.  Engineering,  Dept  Electrical  Engin 
eering,  1400  E.  2nd  St.,  Salt  Lake  City,  UT  84 II?) 

The  behavioral  and  biologic  effects  of  resonant 
electromagnetic  power  absorption  in  rats  nil  I be 
determined  in  order  to  develop  realistic  exposure 
criteria  for  military  personnel  The  parallel 
plate  waveguide  will  be  used  to  generate  plane 
waves  for  exposure  of  the  experimental  animals 
Exposures  will  be  made  with  animals  oriented  along 
the  E,  H,  and  k axes.  Frequency  will  be  established 
based  on  the  frequency  of  peak  absorption,  freguen 
cies  of  0.S,  0.7S,  1.0,  1.25,  and  l.S  times  this 
resonant  frequency  will  be  used.  (funding  per  • od 
5/74-n/a) 

Supporting  Agency :U.S.  Dept  Defense  Arms,  Medical 
Res  s Development  Command 


0461  INTERACTION  OF  DNA  DOUBLE  HELIX  WITH  EM 

FIELDS.  Prohofsky,  E.  W . Van  Zandt,  L. 
L.;  Ascarelli,  G.  (Purdue  Univ.  Sch.  Science,  Dept. 
Physics,  Executive  Building,  West  Lafayette,  IN 
47907) . 

The  interaction  of  DNA  double  helices  with  an  elec- 
tromagnetic field  will  be  calculated.  An  effective 
charge  model  calculation,  which  should  be  a reason- 
able approx imat ion  for  both  far  infrared  and  mic- 
rowave regions,  will  be  employed.  The  models  will 
be  refined  by  comparison  with  infrared  absorption 
obse rva t i ons . The  refined  mode!  will  be  used  to 
predict  microwave  absorption.  Comparison  of  these 
predictions  with  observed  microwave  effects  will 
be  carried  out  and  correlations  examined.  Methods 
will  be  explored  to  determine  the  mechanism  by  which 
microwave  action  on  vibrational  modes  can  affect 
biologic  processes.  (funding  period  9/78-8/79) 

Supporting  Agency  HEW,  PHS,  FDA 


0462  IDENTIFICATION  OF  PERIPHERAL  AND  CENTRAL 

RECEPTORS  MEDIATING  THE  EFFECTS  OF  MICRO- 
WAVE  RADIATION  ON  THE  BRAIN.  Wilson,  B.  (Res. 
Triangle  Inst.,  P.0.  Box  12194,  Durham,  NC  27709). 

One  of  the  primary  reported  effects  of  microwave 
radiation  is  on  the  central  nervous  system.  Basic 
studies  to  determine  the  Interaction  mechanisms  are 
required.  Recent  findings  have  covered  soi’V  deficits 
in  the  present  understand! ng  of  the  mechanisms  of 
effects  of  mic rowa  ve  rad  I a t i on  on  the  activity  of 
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the  auditory  system.  Specifically,  the  thcrmo- 
acoustic  expansion  pulse  hypothesis  cannot  account 
for  the  observed  effect  of  pulsed  microwave  radia- 
tion on  auditory  nerve  result inq  from  direct  stim- 
ulation of  cochlear  hair  cells.  One  set  of  experi- 
ments proposed  is  designed  to  elucidate  the  mechan- 
i sms  of  these  effects  of  microwave  radiation  on 
auditory  activity.  Recordings  of  response  of 
single  units  in  auditory  nerve  and  cochlear  nucleus 
to  microwave  and  acoustic  stimuli  will  be  used  as 
the  primary  method  for  the  first  set  of  experiments. 
The  •‘’C- labeled  2-deoxygl  ucose  method  w ; M also  be 
used  in  some  instances,  however,  to  corroborate  and 
complement  tbe  results  obtained  with  the  electro- 
physiologic  method.  An  additional  set  of  experi 
m«nts  Is  proposed  fo  detect  effects  of  nonionizing 
radiation  on  the  activity  of  brain  structures  other 
than  nuclei  of  the  auditory  system  For  these 
rxprrlivnts,  the  'C-labeled  2-deoxyg ) ui  . se  method 
will  be  used.  Because  tbe  method  allows  for 
simultaneous,  in  vivo  determinat ion  of  glucose 
consumption  at  individual  structures  of  the  brain, 
effects  on  the  activity  of  nuclei  in  sensory  systems 
resulting  from  stimulation  of  peripheral  receptors 
can  be  identified  and  separated  from  pervasive  effects 
on  brain  activity  resulting  from  rad i at  Ion  - i nduced 
shifts  in  the  environment  of  central  neurons 
Possible  effects  on  brain  activity  resulting  from 
stimulation  of  vestibular  and  hypothalamic  receptors 
will  be  evaluated,  as  will  possible  effects  resulting 
from  radiation-induced  alterations  in  the  permeability 
of  the  b lood-bra  i n barrier  and  in  the  binding  ^f  *.al 
c I urn  ions  in  cerebral  tissue.  (funding  period  00/78- 
n/a) 

Supporting  Agency  fPA,  Office  Energy  Minerals  f» 

I ndust  ry 


0*463  EFFECT  OF  ENVIRONMENTAL  AGENTS  ON  ONTO 

GENESIS  AFTER  PARENTAL  EXPOSURE  Staples. 
R.  E.;  Cook,  R 0.;  McRee,  D.  I.;  Nawrot , P.  S. 

(U.S.  Oept . HEW,  Public  Health  Service,  NIH,  Natl. 
Inst.  Envi ronmental  Health  Sciences,  P.0.  Box  12233, 
Research  Triangle  Park.  NC  27709). 

This  project  will  determine  the  deve I opmenta l 
toxic i tv  and  teratogenic  potential  of  selected 
envi ronmental  agents  on  mammals  by  application 
of  the  test  agents  to  the  parent (s)  before  mating 
or  to  tbe  dam  during  gestation.  Studies  will  employ 
various  types  of  noise  up  to  130  dB,  microwaves,  and 
solvents.  (funding  period  10/76-9/73) 

Supporting  Agency  HEW,  PHS.  NIH,  Natl.  Inst.  Environ- 
mental Health  Sciences 


046*4  B I OPSYCHOLOG I CAL  STUDIES  OF  MICROWAVE 

RADIATION.  Justesen,  P.  R.,  Levinson, 

D.  M.  (Unlv.  Kansas  Medical  Center.  Dept.  Psychiatry, 
Sch.  Medicine,  39th  St.  f.  Rainbow  Blvd.,  Kansas  Citv, 
KS  66103). 

In  progress  Is  a behavioral -developmental -lonqevl tv 
study  of  C3H  mice  that  were  sham  radiated  or  micro- 
wave  radiated  In  utero  (three  exposures  between  days 


9 through  15  of  gestation  2. *45  GM/  at  60-Hz  sine 
modulation,  M-mW/g  whole-body  dose*  rate  for  20  min 
in  a multimode  cavity,  dams'  LD  - 10)  The  follow- 
ing observations  have  been  made : (1)  mortality  of 
radiated  pups  of  surviving  dams  was  higher  than  that 
of  controls,  but  there  is  little  difference  to  date 
in  death  rates  of  weaned  animals;  and  (?)  indices 
of  development  (eg.,  eye-opening,  latency,  growth 
of  pelt,  body  mass)  havi  been  essentially  the  same 
for  radiated  and  control  animals  Future  research 
will  consider  differences,  if  any,  in  longevity  of 
animals  and  rate  of  development  of  spontaneous 
tumors  in  this  mammar y-t umor -prone  strain  of  mouse, 
(funding  period  9/77-8/79) 

Supporting  Agency  HEW,  PH S,  FDA,  BRH 


0*46S  IONIZING  And  NON- I ONI  ; INC,  RADIATION 

BIOLOGY.  Appleby,  A (Rutgers  State 
Un  •’  v . , New  Brunswick  Campus,  Dept  Envi  ronmental 
Science,  Agricultural  Experiment  Station,  Old 
Cueens  Bu  King,  New  Brunswick.  NJ  P99p}1 

The  1 nvest i gat  or s will  evaluate  the  effect  of  chronic 
low  level  c rowave  esjx'sores  on  the  mammalian  ante- 

rior lens  as  they  relate  to  cataract  formation  at 
various  age  levels  Fundamental  data  will  be  obtained 
relevant  to  th»  unders t and i nq  of  the  chemical  and 
biological  prowesses  involved  in  the  interaction  of 
radiafi  *m  w th  organises  The  results  will  be  used 
to  develop  r,ict.al  eans  to  inhibit,  neutalizc,  or 
reverse  the  \ olog1  lamage  caused  by  radiation. 

The  ni tot K o'  chosen  mammalian  species  of 

different  age  groups  will  be  measured  after  various 
exposure  periods,  using  a trit  Kited  thymidine- 
autoradiogr agh K technique,  followed  by  observing 
cataract  producing  coses  The  relative  radiation 
sensitivity  of  experimental  animals  (e.q..  rats) 
with  or  without  treatment  by  radiated  gas  will  be 
determined  by  standard  procedures.  Preliminary 
results  on  the  lest  animals  showed  no  significant 
charges  in  thyroid  function  following  single  or 
multiple  exposures  at  various  power  levels. 

I funding  period  ‘'/^l-6/'8l) 

Supporting  Agency: New  Jersey  State  Government 


0*466  EFFECTS  OF  MICROWAVE  IRRADIATION  ON 

EMBRYONIC  BRAIN  TISSUE.  Rioch.  D.  M. 

(Inst.  Behavioral  Res.,  Inc.,  2^29  Linden  Lane. 

Si  1 ver  Spring,  MD  20910) . 

See  Current  Research  0*4 ?8  for  description  of  this 
research.  (funding  period  *4/77-cont.) 

Supporting  Agency: U.S.  Dept.  Defense  Army,  Medical 
Res.  (.  Development  Command,  Envi  ronmental  Protection 
Re-..  Div. 


0A67  EVALUATION  OF  MICROWAVE  OVENS  AS  A POTENTIAL 

METHOD  OF  STERILIZATION.  Lyon.  T.  C.. 
Brunner,  D.  (U.S  Dept.  Defense,  Army,  Medical  Res. 
f.  Development  Command,  Preventive  Dentistry  Div., 
Washington,  DC  20012) 
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See  Current  Research  0^ 1 S for  description  of  this 
research.  (funding  period  6/78-6/7*0 

Supporting  AqencyU.S.  Dept  Detense  Army,  Medical 
Res.  & Development  Command,  Inst.  Dental  Res 
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6022  DIELECTRIC  BEHAVIOUR  OF  BIOLOGICAL  MOL- 

ECULES IN  SOLUTION.  Eng,  Grant,  F . 

H.  ; Sheppard,  R.  J.;  South,  G.  P.  (Oxford:  Oxford 
Univ.  Press):  237  pp. ; 1978.  (353  refs) 

A monograph  on  the  dielectric  behavior  of  biologic 
molecules  in  solution  is  presented.  The  book  is 
divided  into  six  chapters  covering  the  following 
general  subject  areas:  the  role  of  dielectric  stud- 
ies in  biophysics;  dielectric  theory;  the  measure- 
ment of  permittivity;  an  analysis  of  experimental 
results;  water  and  small  biologic  molecules;  and 
proteins  and  larger  structures.  The  book  contains 
an  extensive  bibliography  and  is  indexed  by  both 
author  and  subject.  An  example  of  how  the  knowl- 
edge of  the  dielectric  properties  of  tissue  can  be 
used  to  evaluate  the  possibility  of  solving  prob- 
lems of  biologic  or  medical  importance  is  illustrated 
in  connection  with  the  use  of  microwaves  and  radio- 
waves  for  producing  heat  in  tissues  in  the  treat- 
ment of  various  diseases.  The  energy  absorbed  by 
a given  tissue  depends  on  the  permittivity  and  con- 
ductivity at  the  frequency  of  radiation  being  used. 

If  these  electrical  parameters  are  known,  it  is 
possible  to  build  a phantom  body  cf  the  appropriate 
shape  to  measure  the  isopower  lines  and  hence  eval- 
uate the  distribution  in  temperature  throughout  the 
medium.  In  connection  with  the  use  of  radiowave- 
and  mi crowave- i nduced  hyperthermia  for  the  treatment 
of  malignant  disease,  there  are  reasons  for  believing 
that  the  dielectric  behavior  of  normal  and  malignant 
cells  may  be  sufficiently  different  to  be  optimistic 
about  this  therapeutic  approach.  Although  a con- 
siderable amount  of  work  will  have  to  be  done  before 
the  precise  differences  between  the  water  structure 
in  normal  and  malignant  cells  are  understood,  the 
method  of  external  beam  hyperthermia  offers  encour- 
aging possibilities  in  the  treatment  of  cancer. 
Studies  of  the  dielectric  properties  of  molecules 
and  tissues  are  also  important  in  relation  to  haz- 
ards of  microwave  radiation.  For  example,  one  form 
of  biologic  damage  that  can  be  caused  by  microwaves 
of  appropriate  intensity  is  cataract.  The  lens  of 
the  eye  is  vulnerable  to  microwave  injury  partly  be- 
cause of  its  poor  blood  supply  resulting  in  fewer 
paths  for  heat  transfer.  It  is  also  significant 
that  the  lens  has  a higher  proportion  of  water, 
both  free  and  bound,  which  causes  the  energy  to  be 
readily  dissipated  in  the  first  place.  It  is  sug- 
gested that  future  progress  of  dielectric  methods 
in  biophysics  will  depend  on  the  ability  to  devise 
methods  that  measure  rapidly  the  permittivity  and 
conductivity  of  conductive  solutions  over  a wide 
frequency  range  and  on  the  understanding  of  the  local 
structure  of  the  region  surrounding  a biologic  mol- 
ecule in  solution. 


6023  HEALTH  ASPECTS  OF  RADIO  FREQUENCY  AND 

MICROWAVE  EXPOSURE:  PART  2.  (Eng, ) 
Stuchly,  M.  A.  (Radiation  Protection  Bureau,  Health 
and  Welfare  Canada,  Ottawa,  Canada).  107  pp.'. 

1978.  [available  through  Information  Directorate, 
Dept,  of  Natl.  Health  and  Welfare,  Brooke  Claxton 
Building,  Ottawa  K1A  0K9,  Canada.  Environmental 
Health  Criteria  Document  No.  7B“ tHD-22 1 . (313  refs) 


A comprehensive  review  of  the  health  implications 
of  exposure  to  radio  frequency  and  microwave  radia- 
tion in  the  frequency  range  of  10  MHz-300  GHz  is 
presented.  The  biologic  effects  of  such  radiation 
are  discussed  in  terms  of  ' iman  perception,  hyper- 
thermia, ocular  effects,  llular  effects,  hemato- 
logic and  immunologic  effects,  reproductive  and 
developmental  effects,  card iovascular  effects,  neu- 
roendocr ? noloq i c effects,  nervous  system  and  be- 
havioral effects,  excitable  cell  systems,  and  the 
blood-brain  barrier  system.  Epidemiologic  and 
clinical  studies  on  the  effects  of  microwave  and  radio 
frequency  radiation  are  also  reviewed  along  with 
the  setting  of  radiation  protection  standards.  Major 
difficulties  in  assessing  potential  health  hazards 
of  human  exposure  to  raaio  frequency  and  microwave 
radiation  and  in  quantifying  the  results  of  the  ex- 
periments with  animals  stem  from  the  complex  rela- 
tionship between  the  exposure  conditions  and  ab- 
sorbed energy.  Reliable  methods  of  measuring  the 
energy  dose  routinely  do  not  exist.  There  appears 
to  be  a strong  consensus  among  scientists  that  the 
great  majority  of  the  effects  of  exposure  to  radio 
frequency  and  microwave  radiation  is  thermal  in 
nature.  Two  new  interesting  effects  investigated 
in  the  last  few  years,  which  may  lead  to  estab- 
lishing interaction  mechanisms  and  a better  under- 
standing of  observed  effects,  are  changes  in  efflux 
of  calcium  ions  and  blood-brain  barrier  permea- 
bility. Calcium  ion  efflux  through  brain  membranes 
is  affected  by  extremely  low  frequency  fields  (6- 
20  Hz)  or  radio  frequency  fields  that  are  amplitude 
modulated  at  these  frequencies.  Changes  in  the 
permeability  of  the  blood-brain  barrier  have  been 
observed  at  relatively  low  power  density  levels 
(about  10  mW/cm2)  at  frequencies  close  to  the  res- 
onant frequency  of  the  rat.  Further  progress  has 
been  made  in  oltaining  quantitative  data  on  the 
effects  of  exposure  to  fields  at  relatively  low 
average  power  densities  (about  10  mW/cm2)  on  the 
neuroendocrine  and  central  nervous  system  of  small 
animals  and  on  fetal  development  following  i rrad- 
iation  during  critical  stages  of  gestation. 


602*4  RETARDED  TUMOR  GROWTH  AND  GREATER  LONGEVITY 

IN  MICE  AFTER  FETAL  IRRADIATION  BY  2*450- 
MHZ  MICROWAVES.  (Eng,)  Preskorn,  S.  H.  (Dept. 
Psychiatry,  Univ.  Kansas  Sch.  Medicine,  Kansas  City, 
KS  66103);  Edwards,  W.  D. ; Justesen,  D.  R.  J Surg 
Oncol  10(6):  *483-**92;  1978.  (36  refs) 

The  effect  of  fetal  irradiation  by  2,A50-MHz  mic- 
rowaves on  tumor  growth  in  conventional  CFW  strain 
mice  was  studied  in  two  separate  experiments.  In 
the  first  study,  *48  mice  were  given  four  in  utero 
treatments  for  20  min/day  with  either  sham  radia- 
tion or  with  2, *450  MHz  microwaves  at  a dose  of 

35  mW/g  during  days  11-1*4  of  gestation.  On  day  16 
postpartum,  all  of  these  mice  were  implanted  with 
a homogenate  of  a lymphoret icular  cell  sarcoma. 
Commencing  on  day  19,  they  underwent  a series  of 

36  daily  exposures  to  the  sham  or  microwave  radia- 
tion. Fetal  exposure  to  radiation,  which  elevated 
dams'  colonic  temperatures  by  an  average  of  2.2*4 
C,  was  associated  with  a 13%  incidence  of  tumors 
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compared  with  a 462  incidence  for  fetal ly  sham- 
irradiated  mice.  In  a second  experiment,  all  mi- 
crowave-induced hypertherma!  treatments  were  admin- 
istered in  utero;  84  CFW  mice  were  given  four  rad- 
iation treatments  in  utero  (35  mW/g  for  20  min)  on 
days  11-1*4  of  gestation,  and  60  mic*  were  sham- 
irradiated  in  utero  according  to  the  same  schedule. 
All  of  these  mice  were  implanted  with  tumor  homo- 
genate on  day  16  postpartum  and  were  observed  for 
36  mo.  At  2.5  mo  after  tumor  implantation,  the 
percentage  of  fetal ly  irradiated  mice  with  tumors 
was  152  compared  with  372  for  sham- i rrad i ated 
controls.  Subsequently,  the  difference  narrowed; 
after  the  4th  mo,  the  final  percentage  of  fetal  ly 
irradiated  mice  with  tumors  (*462)  exceeded  that 
of  controls  (402)  slightly.  Both  tumor-bearing  and 
tumor-free  animals  that  had  been  irradiated  as 
fetuses  lived  longer  on  the  average  than  respective 
controls.  Long-term  augmentation  of  immunocompetency 
by  in  utero  hyperthermia  was  believed  to  be  respon- 
sible for  the  delayed  induction  of  tumors  and  for 
the  enhancement  of  survival. 


6025  POTENTIAL  TEMPERATURE  RISE  INDUCED  BY 
ELECTROMAGNETIC  FIELD  IN  BRAIN  TISSUES. 
(Eng.)  Kritikos,  H.  N.  (Dept.  Bioengineering, 

Univ.  Pennsylvania,  Ph  i 1 ade  1 ph  i a , PA  1917**);  Schwan, 
H.  P.  IEEE  Trans  Biomed  Eng  BME-26 ( 1 ) : 29-3*4;  1979. 
(12  refs) 

The  differential  temperature  rise  induced  by  a 1,000- 
MHz  electromagnetic  field  in  a spherical  region 
simulating  a potential  hot  spot  in  the  central 
region  of  a human  head  was  determined,  taking  into 
account  heat  conduction  and  heat  convection  due  to 
blood  flow.  For  a heat  deposition  rate  of  10  mW/g 
in  a hot  spot  of  1 cm  in  radius,  the  differential 
temperature  rise  over  the  ambient  tissues  and  blood 
was  approximately  0.5  C.  This  was  an  interesting 
result  considering  that  the  heating  potential  in 
the  hot  spot  region  was  larger  than  that  occurring 
at  the  surface  of  the  test  object  by  a factor  of 
10-15-  The  reason  for  this  relatively  small  tem- 
perature rise  was  the  effect  of  blood  circulation, 
which  tends  to  wash  out  the  temperature  differences. 
The  case  under  consideration  involved  an  energy 
deposition  of  10  mW/cm3  in  the  hot  spot,  which 
corresponded  to  an  incident  flux  of  about  10  mW/cm^ 
for  the  case  of  a cat  brain  as  previously  reported. 
For  a given  incident  flux,  the  heating  potential 
in  the  hot  spot  reduced  rapidly  with  increasing 
head  radius,  and  temperature  elevations  for  man 
in  the  center  of  the  head  were  much  lower. 


6026  RADIATION  AND  MICROWAVE  THERAPY  IN  THE 

TREATMENT  OF  ADVANCED  CANCER.  (Eng. ) 
Hornback,  N.  B.  (Dept.  Radiation  Oncology,  Indiana 
Univ.  Sch.  Medicine,  1100  W.  Michigan  St.,  Indian- 
apolis, IN  *46202);  Shupe,  R.  ; Shidnia,  H.;  Joe,  B. 

T. ; Sayoc,  E.;  George,  R. ; Marshall,  C.  Radiology 
130(2):  *459-46*4;  1979.  (38  refs) 

The  effect  of  microwave- i nduced  heat  prior  to  radio- 
therapy (H  -4-  RT)  was  compared  with  that  after  radio- 
therapy RT  + H)  in  a nonrandomi zed  study  of  72 


evaluable  patients  (38  males  and  34  females;  ages, 
4-85  yr)  with  advanced  cancer  that  did  not  respond 
to  previous  treatment.  The  histology  of  the  cancer 
was  squamous  cell  in  33  patients,  adenocarc i noma 
in  25,  malignant  melanoma  in  3,  and  miscellaneous 
in  11  patients.  The  primary  tumor  site  was  head 
and  neck  in  23  patients,  gastrointestinal  tract  in 
18,  gynecologic  in  16,  breast  in  4,  gen i tour i nary 
tract  in  3*  central  nervous  system  in  2,  bone  in  2, 
and  miscellaneous  in  4 patients.  Heat  treatments 
were  performed  for  30  min  either  before  or  after 
radiotherapy  using  a standard  European  diathermy 
machine  operating  at  a frequency  of  433-92  MHz. 

Skin  temperature  measurements  in  the  treatment  port 
area  increased  2. 8-3*3  C;  the  highest  intraoral 
temperature  obtained  was  40.2  C.  Radiation  doses 
varied  from  50-600  rads/day  and  total  tumor  doses 
from  3,000-6,500  rads.  Among  60  patients  treated 
with  H + RT,  only  32  (532;)  achieved  a complete 
objective  response  compared  with  11  of  12  (922)  who 
were  treated  with  RT  + H.  There  are  12  of  72  pa- 
tients (172)  who  are  alive  without  any  evidence  of 
disease  from  4 - 1 4 mo  after  therapy;  20  of  72  pa- 
tients (26?)  are  alive  with  disease  (treated  area 
controlled)  from  2-22  mo  after  therapy.  No  ad- 
verse reactions  developed  during  microwave  therapy, 
and  no  unusually  severe  normal  tissue  reactions 
were  noted  in  any  patients  beyond  those  expected 
with  radiation  alone. 


6027  STUDIES  ON  BLOOD-BRAIN  BARRIER  PERMEABIL- 

ITY AFTER  MICROWAVE-RADIATION.  (Ena,) 
Merritt,  J.  H.  (Radiation  Sciences  Div.f  USAF  Sch. 
Aerospace  Medicine,  Brooks  AFB,  TX  78235);  Cham- 
ness,  A.  F.;  Allen,  S.  J.  Radiat  Environ  Biophys 
15(4):  367-377;  1978.  (10  refs) 

The  effects  of  pulsed  or  continuous  wave  (CW)  micro- 
wave  radiation  at  frequencies  of  1.2  or  1.3  GHz  on 
blood-brain  barrier  permeability  were  examined  in 
male  Sprague  Dawley  rats.  At  a frequency  of  1.2 
GHz,  the  radiation  was  delivered  at  a pulse  repeti- 
tion rate  of  1,000  pulses/sec,  a pulse  width  of 
0.5  msec,  and  peak  powers  ranging  from  2-75  mW/cm2 . 
For  radiation  at  1.3  GHz,  the  radiation  was  pulsed 
at  1,000  pulses/sec  over  various  power  densities 
at  a pulse  width  of  10  ysec.  Some  animals  were 
irradiated  in  the  CW  mode  with  1.3-GHz  radiation. 

No  transfer  of  parentera 1 ly-admin i stered  (femoral 
vein)  fluorescein  across  the  blood-brain  barrier 
of  rats  was  observed  after  30  min  of  1.2-GHz  radi- 
ation at  power  densities  ranging  from  2-75  mW/cur. 
Increased  fluorescein  uptake  was  seen  only  when 
the  rats  were  made  hyperthermic  in  a warm  air  en- 
vironment. When  the  effect  of  20  min  of  exposure 
to  1.2-GHz  radiation  on  the  uptake  of  radiocarbon- 
labeled  mannitol  in  the  hypothalamus  was  examined, 
none  of  the  radiation  regimens  used  increased  man- 
nitol uptake  into  the  brain  parenchyma.  When  rats 
were  irradiated  at  1.3  GHz  for  35  min  at  power 
densities  of  0.1,  1,  10,  and  50  mW/cm2  in  the  CW 
mode,  no  difference  in  uptake  of  labeled  mannitol 
was  observed  at  any  power  level.  An  attempt  to 
alter  the  permeability  of  the  blood-brain  barrier 
for  serotonin  with  microwave  radiation  was  also 
unsuccessful.  Only  in  animals  made  hyperthermic 
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in  a warm  dir  environment  was  any  uptake  of  the 
neurotransmitter  noted.  It  appears  that  the  brain 
must  be  made  hyperthermic  for  changes  in  permea- 
bility of  the  barrier  induced  by  microwave  rudia- 
t \ on  t o oc cur. 


6028  ANE  NCE  PHALUS  , DRINKING  WAUR,  GEOMAGNETISM 

AND  COSMIC  RADIATION.  i>\:.  ) Archer,  V. 
F.  (Div.  Surveillance,  Hazard  Evaluation  and  Fit*  Id 
Studies,  Natl.  Inst.  Occupational  Safety  and  Health, 
Salt  Lake  City,  UT  84tOl);  Elwood,  J.  M . ' 

109(1):  88-99;  1979.  (Jr9  refs) 


1 he  microwave  exposure  did  not  at  feet  the  viability 
of  these  bacteria  or  their  ability  to  attach  to  a 
t umor-b i nd i ng  site  nor  did  it  induce  thermal  shock. 

I he  loss  of  virulence  induced  by  microwave  radiation 
was  completely  reversible’  within  12  fir  attei  ex- 
posure. However  , only  about  /*>.  of  the  virulence 
was  restored  when  these  bactei in  were  kept  at  h l 
tor  12  fir  after  radiation  exposure.  Since  restora- 
tion to  fail  virulence  was  slowed  when  the  bacteria 
were  held  at  4 C,  the  possibility  that  one  or  more 
'Metabolic  processes  affecting  virulence*  ate  tempo! 
ar  iiy  altered  by  microwave  exposure  v.annot  be  ex 

c I uded . 


Mortality  rates  from  anencephalus  in  Canadian  cities 
over  the  period  I960- 1969  were  found  to  be  correlated 
with  city  growth  rate,  horizontal  geomagnetic  flux 
(which  Is  directly  related  to  cosmic  radiation 
intensity),  and  magnesium  content  In  drinking  water. 
City  size  appeared  to  have  no  direct  association 
with  deaths  from  anencephalus  but  did  have  an  in- 
direct association  through  its  relationships  with 
horizontal  geomagnetic  flux  and  cits  growth  factor 
An  association  of  magnesium  in  tap  water  with  city 
growth  factor  appeared  to  be  just  as  strong  as  its 
association  with  anencephalus.  An  analysis  of 
rates  of  anencephalus  with  simultaneous  stratifica 
tions  for  both  city  growth  factor  and  horizontal 
geomagnetism  produced  a surprisingly  good  separation 
of  the  associations  of  the  two  factors,  yielding 
statistically  significant  differences.  The  analysis 
revea  l ed  a s t rong , pos  s i b I y \ \ no  ar  , retail  onsh  i v' 
between  low  horizontal  geomagnetic  flux  and  high 
anencephalus  rate*’  when  the  city  growth  factor  was 
low  and  consistently  low  rates  of  anencephalus  when 
the  city  growth  factor  was  high,  regardless  of 
horizontal  geomagnetic  flux.  The  hypothesis  that 
anencephalus  results  from  genetic  damage  produced 
by  background  radiation  during  the  parent's  life- 
time is  discussed,  and  it  is  concluded  that  the 
findings  of  the  present  study  are  consistent  with 
the  concept  that  background  radiation  has  definite 
biologic  effects  on  man.  In  a followup  letter  to 
the  editor  concerning  this  study,  the  negative 
association  between  anencephalus  mortality  and 
horizontal  geomagnetic  flux  is  refuted. 


6029  LOW-  INTENS  I TV  MICROWAVE  RADIATION  AND  Till 

VIRULENCE  OF  * ' . V V’ : 1 ,V.’ 

STRAIN  86.  (t'ruj. ) Moore,  H.  A.  (Dept.  Physics, 
Bradley  Univ.,  Peoria,  IL  61629).  Raymond , R.; 

Fox,  M.  . Gaisky . A.  G . ; ran  Mia 

3/(1):  I2/-130;  1979.  (13  refs) 

The  effect  of  low- in  tens i ty  microwave  radiation  on 
the  virulence  of  /l rww#*/, :«•/•■•.;?  strain 
B6  was  investigated.  When  ^8-hr  cultures  of  viru- 
lent cells  of  A,  strain  H6  were  ex- 

posed to  10,000-MHz  radiation  at  an  intensity  ot 
0.58  mW/cm-’  for  30-120  min,  their  ability  to  pro- 
duce tumors  on  potato  and  turnip  disks  was  reduced 
by  approximately  30-60*..  To  determine  if  this 
mi crowave- I nduced  change  in  virulence  was  unigue 
to  strain  R6,  a similar  microwave  treatment  was 
given  to  A.  * irov't**  V*:.*  strain  IT  10/,  a similar 
reduction  in  virulence  of  T T — 107  was  observed. 


60 30  BIOLOGICAL  EFFECTS  OF  HIGH  STRENGTH  ELEC 

TRIE  FIELDS  ON  SMALL  LABORATORY  ANIMAL^ 
ANNUAL  REPORT  APRIL  10/’  TO  MARCH  1^78  < > . > 

Hat  telle  Pacific  Northwest  l abora t or  i es . (Bat  telle 
P.ic  i t i 1 Northwest  Labs.,  R i c h 1 and  WA  99  3r»? ) . ? 1 9 

pp..  19  7'  | ava  i 1 at*  I e tnrough  National  Technical 

Informal > on  Service,  Springfield,  YA  22l6l,  Docu- 
ment No  PC  AI0/MF  A0 1 > . ill  refs) 

The  result-  of  exposing  rats  and  mice  to  60-Hz 
elect!  iv  fields  at  100  kV/m  for  up  to  60  days  are 
repor  ted.  The  exposure  produced  no  statistically 
significant,  reproducible  effects  except  in  be 
tea viot.il  experiments.  Ruts,  given  a choice,  spent 
more  time  out  ot  (fee  electric  field  than  in  it  at 
a field  strength  of  90  kV/m  or  greutei . The  re 
suit-,  ot  three  experiments  showed  trends  that  sug 
gest  the  possibility  of  the  following  effect**: 
dec  reased  c e 1 I - ned i a t ed  immunity,  increased  pros- 
tatitis, and  increased  excitability  of  synapses. 

In  depth  studies  uie  in  progress  to  evaluate  these 
potential  effect*.  One  measure  of  delayed  hyper- 
sensitivity response  (skin  thickness)  to  keyhole 
limpet  hemocyunin  was  decreased,  but  another  ( 1 rac - 
t i on  diameter)  was  unchanged  in  exposed  mice.  In 
a replicate  experiment,  the  effect  was  not  slat  is 
tic  ally  significant,  however,  the  trend  was  con- 
sistent, i . e . , the  skin  thickness  in  exposed  mice 
was  22,  less  than  that  of  sham  exposed  animals. 

This  potential  effect  will  be  studied  in  another 
experiment.  It  is  possible  that  longer  exposure 
durations  (e.g.,  mo)  may  enhance  subtle  effects 
not  evident  with  the  30  and  60-day  exposures  em 
ployed  in  this  studs. 


60  31  EXPOSURE  01  PRIMATES  FOR  ONI  YEAR  TO  l l EC 

TRIG  AND  MAGNETIC  FI F IDS  ASSOCIATED  WITH 
t L F COMMON  I CATIONS  SYSTEMS  *s  . ’ Grlssett,  J 
D.  , Kupper , J.  L.  . Kessler,  M.  J.;  Brown,  R.  .1 . ; 
Prettyman,  G.  D. ; Cook,  L.  I . Griner,  T.  A (Naval 
Aerospace  Medical  Res.  Lab  . Pensacola,  FL  32‘* '81  . 
31 S pp. ; 19/7  (available  through  National  Tech 
nicul  Information  Service,  Springfield,  VA  22161, 
Document  No.  AD  A0SS  399/0GA1.  112  ref  si 

Thirty  experimental  rhesus  monkeys  (matched  with 
30  controls)  were  exposed  for  1 \i  to  electric  and 
magnetic  fields  similar  tv'  or  greater  than  (hose 
that  would  he  experienced  by  humans  living  near 
the  antenna  of  the  Navy's  proposed  extremely  low 
frequency  (Ilf!  submarine  communlcut ion*  system. 


1 UNMt  N I lilt  MAI  UMI 


T he  expei  (mental  an i nut  I s were  exposed  to  fields 
egulvalent  In  waveform  to  tin**.**  experienced  by 
l I v I ng  organisms  In  contact  with  the  hi*  I I surface 
directly  above  I be  burled  III  antenna  Hu*  magn  I 
tilde  of  the  magnet  i i field  (2  G ) was  10  limes 
greater  than  the  eve  i age  field  along  the  Ilf  an 
t c dim  The  electric  field  (20  V in)  was  over  TOO 
times  greater  than  at  the  soil  surface  at'ove  and 
along  the  antenna,  and  It  w»is  two  times  gi eater 
t han  at  the  soil  sui  face  neat  the  ijioond  terminal. 

Ihe  elevti  it  field  was  applied  to  the  an  I mm  I via 
stainless  steel  hat  s that  formed  the  walking  suifave 
of  t fie  flooi  of  t fie  env  I i onmen  l a I chamhei  Ihe  til 
fields  wei  e on  foi  2 2 hi  dally  The  mo*,  t sign!  fiv  ant 
finding  was  t fie  vllffeieiKe  in  late  of  weight  gain 
between  exposed  anil  u>ntn»l  male*  monkeys  The 
exposed  males  gained  weight  it  a slightly  faster 
late  than  tfie  control  males,  and  at  the  end  v*f  I 
yi  we  i e approximate  ly  IU  heavlei  than  the  vontiols. 
Tfie  difference  In  weight  was  not  aiiompanied  t*y 
an  Increase  In  hone  length  medsu i emen t s Ihe 
lineal  t*ody  measurement  showing  tfie  most  agreement 
with  the  growth  rate  difference  was  the*,  l cite  urn 
feieiue  Blood  urea  nitrogen  was  lowei  (p-i1  OS) 

In  exposevl  males,  this  Is  consistent  with  the  giowth 
late  findings.  Gamma  glutamyl  1 1 anspep  t I dase  (liGIP) 
was  lowei  In  exposevl  males  (p-0  Oh),  ami  although 
consistently  lower  In  exposed  females,  the  dlffei 
ence  was  not  significant  (p-0  1/)  It  appearevl 
that  tfie  GGTP  and  growth  tales  ohsrived  In  this 
study  were  consistent.  Th/rr  serum  enzymes  iglu 
tamlc  oxaloacetic  t ransaml  nase  , ghit.imu  pyiuviv 
t ransaml  nase , and  creatine  phosphok  I nase)  were 
s l vjn  I f I v.  an  l I y (p-0.  OS)  lowei  in  exposed  male,  than 
In  control  males  fot  day  plots  In  wk  I Set  urn 
ti ig lycer Ides  were  lowei  in  exposed  females 
(p-O.OS  rank)  than  in  control  females  Respiratory 
guot  lent  was  alsvi  lowei  In  the  exposevl  females 
( p-0  .04)  Tfie  s I vjn  I f I crince  of  these  dlfferemes 
are  at  present  unknown.  I here  Is  no  imlivation 
tfiat  the  above  findings  have  any  adverse  vllnival 
significance,  ami  both  groups  v*f  animals  appeal 
f»ea  1 1 hy  . It  Is  recommended  that  these  animals 
should  continue  tv*  be  exposed  and  that  the  data 
col  lection  protocol  should  concent i ate  on  Ideal l 
Tying  t tie  mechanisms  toi  these  effects  so  that  the 
long  term  effects  can  be  predicted  on  the  basis 
of  physiologiv  theory  Ihe  sexual  spec  if  Icily  of 
tfiese  results  suggests  that  endov  i I ne  Involvement 
should  be  studied  extensively 


MM2  0BSIKVAII0NS  01  MOUSt  M IUM  s AM  t R IRRAO 

I AT  I ON  WITH  2 4‘.  I, M2  MIIR0WAV1S  , . » 

Harman,  I (Health  I fleets  Res.  I ab  , l xp«*i  I men  t a I 
Hiology  01  v.  MO  /2,  1 nv  1 1 oilmen  t a I Res  lentei  , I PA, 
Reseaich  Triangle  l‘aik,  Ni  2//II),  Klnn,  J.  H 
Carter,  H.  H ’ >r  hr, a 14(b)  Ml  801  . 1‘1/B. 

(22  lets) 

Tfie  ettevt  of  exposing  pregnant  to  I mj*e  tv*  2 4‘» 

GH/  continuous  wave  microwave  radiation  toi  1(10  min 
dal  I v at  power  densities  langlmj  from  ( . 4 ’*1  mW  cm 
On  gross  external  morphology  v*f  neai  term  fetuses 
was  studied.  At  tfie  highest  power  density  exposure, 
tfie  mean  live  fetal  weight  pel  I it  let  was  dev  teased 
s igni  f ic  ant  ly  (0  8*T  * 0 I i g Vri  nis  0,‘f’  • 0 I ‘»  *i 


v > > f ,ft  ■ ft  il/  <Vl*  1 .<m  . y / f.  1 '.  &•  tfl 

jf •.</'  4 ,,i trf  ry/*r 


f t >i  sham  I i i id  i a t ed  controls).  I hr  mean  value  I oi 
these  il  radiated  liltei  -.  was  also  lowei  l fian  tfie 
mean  of  any  v»thei  slum  mi  liiavllated  vjioup  studied 
A 1 1 hough  l he  iiuui  iciuc  of  ii  an  lost  hlsis  wa  s not 
vllffeient  s t at  I s t i c a I I y at  any  one  power  density, 
lheie  was  a significantly  higher  occurrence  In  tfie 
Il radiated  group  (sham  - 0,  Ifiadiated  - /)  when 
tfie  oicuiieme  c • f t fi  i s ai»v*maly  was  summed  t • \ all 
sham  oi  liiadlated  groups  The  total  numbei  . of 
sham  oi  I m ad  I a ted  III  tv  is  with  any  anomaly  weie 
s i ijn  I f 1 v an t i y different,  will*  i»x»l  e t fian  twice  as 
mans  aiu*mali<us  litter  . being  een  in  lire  irradiated 
group  exposure  of  tfie  dams  for  100  min  at  tfie 
above  powei  densities  did  not  appeal  to  be  sign  it 
Kant  thermal  K 1st  finales  of  the  mean  dose  rate 
as  determined  with  twin  well  v a I oi  i me 1 1 y i anged 
I i v*m  2 0 22  mW  g It  appear  s that  microwaves  at 
the  i anvje  used  lu  tfrls  study,  especially  at  a powei 
density  o!  .'H  mW  cm  . are  embryc*pathlc 


m'II  MfMl  Of  MAt.Nllll  fit  lb  ON  IM  KUOMHINATI0N 

t UivMU  Ml  Nl  l Of  PM0 1 0SV  N I HIT  It  RAMtKIA 
Vo/niak,  V M l Inst  Ptiot c»synt ties  < > , USSR 
Av  ad  s^iericv  . , Pusfw  h l no , Moscow  Oblast,  USSR),  I I 
tiitx»y,  l I . Proskui  I akov  , II  I-  V;ns 

:k:  (‘.)  I 200  1201.  If  'H . til  refs) 

The  c*tfevl  of  .to  v I is  1 1 omagne  t l c » 1 e I d (it  M00  (•  ) on 

t he  i is  v*mt*  trial  ion  t I uc»  i e *.  c eru  e o! 

• r ( w I Id  strain),  ..  .»  • •*  . '•••»••  , 

and  ’ K 2b  veils  wa  s studied  I lie 

e lec  I t omoguel  f v field  im  leased  t hv  f I uor  esv  enc  e 
I 111  ans  i tv  of  all  veils,  tfie  I ik  tease  was  most  pio 
ttcuiiic  ed  in  tfie  c s.:.  • • . (wild  stiain),  and 

least  pi  ottouiu  evl  t v * i ..  •*  ■ K 2b  Ihe 

f I uo  i exv  env  e intensity  Inc  leased  w 1 1 ft  Increasing 
field  I n t arts  its.  vspec  tally  In  t fie  I owe  i f I e I vl 
I lit  ens  i t y i anvje 


MH4  SURVIVAl  Of  MU  RON  I At  FIIMS  IN  IM  Mil  Rtf 

WAV!  OWN  , V Page , W.  J (Dept- 

Mi e rob iology  , tin  l v Alberta,  tdmonton,  Albeita 
lt«ii  21 M,  lanada).  Martin,  W i,  .*  ' •••,•'  * -♦ 

(111  Mil  ! 4 T T ; 1 9 ?&  (’refs) 

lire  sutvlval  of  m K i v*t»  I a I films  in  a loshiba  mode  I 
fK’*bb)  mli  i owave  overt  operating  at  a f i evjuerw  v of 
2 , l»‘»0  MU/  and  at  r full  power  of  b‘»0  W was  I lives 
tlgatevl  Alt  vlr  led  films  of  *..  . • • , 

••  ,,!V"  • *.  ?s  1 a , and  ■ ' ....  ■ a spv'ie*. 

on  Ami c on  Mutopoious  filters  that  »vt*re  exf*osed  to 
tin*  above  inadiatlon  showed  a '*  , ‘ , aryvl  0 Ivxj 

r evl Uv  t I mi  of  viable  v'i  gan  I sms  , r espev  t I ve  I V ‘his 
penslv*ns  of  veils  v»r  spcires  in  j'hosphate  butfei 
that  were  inadlated  un»lei  similar  vc'ndltiv»n» 
sltv  »\ved  H I v *vj  s of  k i I I I ng  witfiin  TO  sev  fv'i  • * 

, . sev  fv*i  •.  , and  within  10  mitt  fv'i 

spores  CcMtiplete  killing  v'f  the  veg 
etatice  veil  susj»ens  iems  was  of»tame»l  witfi  f*0  sec 
v»f  expc»»ure  arul  within  12  min  of  exposuie  v'f  the 
s j*v  * 1 1 * suspension  These  insults  aie  consistent 
wi  t fr  those  of  otbei  Inves  t iga  tot  s wfu*  sfnnvfrl  tfiat 
tfie  death  v'f  microbes  in  suspension  during  mlcio 
wace  i i i ad  I a l I c»n  was  ev|ul  valent  tv*  that  expevted 
fry  v oiiven  t I oita  1 heating  The  ml  v lobes  in  the  films 
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probably  also  suffer  thermal  death,  but  in  their 
dehydrated  state  the  heating  achieved  is  probably 
less  rapid  and  severe.  It  has  been  suggested  that 
the  object  exposed  to  microwaves  must  be  at  least 
one-tenth  the  size  of  the  wavelength  to  absorb 
microwave  energy;  this  would  make  most  microbes 
too  small  to  act  as  individual  targets  for  micro- 
waves.  However,  the  data  in  this  study  show  that 
death  does  occur  in  the  microbial  films.  These 
death  rates  probably  are  the  result  of  exposure 
to  the  moist  heat  generated  from  the  heated  load. 
These  results  indicate  the  importance  of  proper 
sanitation  of  the  interior  of  the  microwave  oven, 
especially  In  self-service  areas  where  handling 
the  oven  is  increased. 


6035  EFFECT  OF  MICROWAVE  RADIATION  ON  CEREBRAL 
CATECHOLAMINE  METABOLISM.  (Pus.)  Grin', 

A.  N.  (Biologic  and  Hygienic  Res.  Lab.,  A.  N. 

Marzeev  Kiev  Scientific  Res.  Inst.  General  and 
Communal  Hygiene,  Kiev,  USSR).  Vrach  Delo  (10): 
129-130;  1978.  (7  refs) 

The  effect  of  microwave  irradiation  (wavelength  12.6 
cm,  50  and  500  uW/cm2,  7 hr/day  for  5*30  days)  on  the 
cerebral  catecholamine  level  was  studied  in  132 
male  albino  rats  with  an  initial  body  weight  of  T 80- 
450  g.  In  the  groups  exposed  to  50  uW/cm- , the 
epinephrine  level  was  increased  after  20-days  expo- 
sure (0.05  ug/g  compared  with  0.04  ug/g  measured 
before  exposure  and  after  30-days  exposure) . The 
norepinephrine,  dopamine,  and  dopa  levels  were 
slightly  but  significantly  increased  throughout  the 
exposure.  In  the  groups  exposed  to  500  pW/cm2,  the 
epinephrine,  norepinephrine,  and  dopamine  levels 
showed  a significant  increase  during  the  first  10 
days  of  exposure,  which  was  followed  by  a steady 
decline  to  the  end  of  the  experiment.  The  decline 
in  the  dopa  level  was  not  preceded  by  any  initial 
increase.  These  findings  indicate  the  exhaustion 
of  the  sympatheticoadrenal  system  during  long-term 
microwave  irradiation  with  500  uW/cm2 , and  the 
stimulating  effect  of  irradiation  with  50  uW/cm2. 


6036  MAGNETIC  FIELD  EFFECTS  ON  RADICAL  PROCESSES 

IN  BIOLOGIC  MEMBRANES.  (Ukr. 1 Kadnikov, 

0.  G.  (Kharkov  State  Univ.,  Kharkov,  USSR);  Zaliu- 
bovs'kii,  I.  I.;  Kobizs'kii,  V.  I.;  Vitovtova,  T. 

1.  Dopov  Akad  Nauk  Ukr  PSP  (10):  927-930;  1978. 

(12  refs) 

The  suitability  of  using  magnetic  fields  (MF)  to 
study  reaction  kinetics  and  mechanisms,  and  the 
properties  of  radicals  in  biologic  membranes  was 
analyzed.  The  effect  of  MF  on  the  rate  of  oxygen 
consumption  during  auto-oxidation  of  unsaturated 
fatty  acids  was  studied  in  model  membrane  structures, 
e.g.,  liposomes  obtained  by  ultrasonic  treatment 
of  lipids  from  bull  brain  white  matter.  Changes 
in  the  reaction  kinetics  of  free-radical  oxidation 
of  lipids  (oxygen  consumption,  peroxide  radical 
formation)  altered  the  macroscopic  characteristics 
(viscosity,  surface  tension)  of  the  biomembrane 
lipid  component  exposed  to  a MF.  The  effect  of  MF 
on  enzymes  in  biomembranes  was  studied  based  on 


the  riboflavin  (RF)  oxidation  rate  in  a constant 
MF.  The  concentration  of  the  intermediary  product 
decreased  as  a function  of  MF  intensity.  The  in- 
crease in  the  oxidation  rate  of  the  reduced  forms 
RF-H,  was  related  to  MF  sensitivity  of  the  stages 
of  intermediary  radical  RF-H2  interaction  with  the 
superoxide  radical  02";  the  magnetic  effect  was 
determined  by  a Ag  mechanism.  The  effect  of  MF  on 
electron  transfer  in  the  respiratory  chain  was 
studied  in  rat  liver  mitochondria;  respiration  was 
inhibited  by  37  t 5%  in  a 9'kE  MF.  This  may  be 
related  to  the  participation  of  enzymes  wi th  metals 
of  variable  valence.  Transformation  of  free  rad- 
icals occurring  in  a MF  was  also  studied  during 
gamma- i rrad iat ion  of  a human  serum  albumin  solution 
with  22Na  and  6®Co.  A 9-kE  MF  increased  the  ef- 
fectiveness of  radical  pair  recombination  by  1.8 
± 0.2t.  This  may  explain  the  protective  properties 
of  a MF  during  the  exposure  of  a living  organism 
to  ionizing  radiation. 


603/  EXPERIENCE  WITH  THE  USE  OF  GLUC0C0RT I CO- 

STEROIDS AND  MAGNETIC  FIELDS  IN  THE  INTEN- 
SIVE THERAPY  OF  SEVERE  FORMS  OF  VIRAL  HEPATITIS. 
(Ru8. ) ll'inskii,  lu.  A.  (Central  Scientific  Res. 
Inst.  Epidemiology,  USSR  Ministry  of  Public  Health, 
Moscow,  USSR);  Syzdykov,  M.  S.;  Zhumanbaev,  K.  A.; 
Shvedova,  A.  I.-  Kuz'min,  A.  I.  Sov  Med  (9):  72- 
74;  1978.  (14  refs) 

The  treatment  of  18  patients  with  severe  viral 
hepatitis  with  precoma  or  coma  is  described.  In 
addition  to  basic  therapy  (glucose,  Ringer's  solu- 
tion, potassium  chloride,  diuretics,  Trasiol,  Con- 
trical,  cardiac  glycosides,  neomycin  or  monomycin) 
all  patients  received  prednisolone  (360  mg/day) , 
hydro-ortisone  (1,000  mg/day),  and  adresone  (300 
mg/day).  Ten  of  the  18  patients  were  clinically 
cured  by  this  therapy.  Five  other  patients  who  did 
not  respond  to  this  therapy  subsequently  were  ex- 
posed to  magnetic  fields  (450-550  Oe,  2x20  min/day 
for  1 wk,  then  20  min/day  for  8-10  days).  Three 
patients  had  precoma  and  two  were  comatose.  All 
five  patients  were  cured  clinically;  the  time 
necessary  for  the  cure  was  10-15  days  shorter  than 
in  the  10  other  patients  who  did  not  receive  mag- 
netic field  therapy.  The  pigment  metabolism, 
thymol  test,  and  ALAT  activity  dropped  to  normal 
levels  by  the  end  of  the  magnetic  field  treatment. 
The  findings  indicate  the  therapeutic  effective- 
ness of  magnetic  fields  in  viral  hepatitis. 


6038  EFFECTS  OF  HEAVY  METAL  IONS  AND  ELECTRICAL 

FIELD  ON  THE  ELECTR0KI NET  I C PROPERTIES  OF 
MICROBIAL  CELLS.  (Pus.)  Kul'skit,  L.  A.  (Inst. 
Colloid  and  Water  Chemistry,  Ukrainian  SSR  Acad. 
Sciences,  Kiev,  USSR);  Deinega,  lu.  F.;  Savluk,  0. 
S.;  Ul'berg,  Z.  R. ; Marochko,  L.  G. ; Dem'ianenko, 

A.  P.  A ?kl  Akad  ,Vjm4  SSSR  244(1):  217-219;  1979- 
(3  refs) 

The  effects  of  Ag+  and  Cu++  ions  and  their  combin- 
ation with  an  electromagnetic  field  (10-30  V/cm, 
length  of  exposure  30  min)  on  the  el ect rok i net i c 
charac  ter  i s t ics  and  survival  of  Escheri.ihia  erK 
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• ^rrt«n.  734  were  studied.  The  elect rophoret  i c 
mobility  of  the  cells  increased  with  increasing  field 
intensity.  Exposure  to  the  electric  field  increased 
the  ant  imi  c rob  i a I effect  of  Ac]*;  at  an  Ag*  concen- 
tration of  0.001  me)- ion/ 1,  the  cell  count  was  980/ 
ml  after  exposure  to  10  V/ cm,  40/ml  after  exposure 
to  20  V/ cm,  and  2/ml  after  treatment  with  30  V/cm. 

In  a concent  rat  ion  ranqe  of  0.001-0.2  mg- ion/ 1, 

Cu**  ions  alone  had  no  antimicrobial  effect,  but  an 
ant imicrobial  effect  was  seen  in  the  combination 
of  Cu**  ions  (0. OS "0.1  mg-ion/l)  with  electrical 
field  (30  V/cm).  The  increased  ant  1ml crobi al  ef- 
fect of  Aq*  and  Cu**  ions  in  the  electrical  field 
was  due  to  intensified  sorption  as  a result  of  the 
increased  negative  charge  of  the  cells. 


6039  OCCUPATIONAL  PATTERNS  OF  PATIENTS  WITH 

LEUKEMIA  AND  LYMPHOGRANULOMATOSIS  (ACCORD- 
ING TO  DATA  FOR  THE  KUIBYSHEV  REGION). 

Plotnikov,  lu.  K.  (First  Dept.  Hosp.  Therapy,  D.  I. 
Ul'ianov  Kuibyshev  Medical  Inst.,  Kuibyshev,  USSR). 
Probl  Gen.it ol  Peveliv  Krovi  23(1):  18-21;  1978. 

(26  refs) 

The  occupational  pattern  of  1 , 1 6 1 patients  with 
leukemia  or  I ymphogranu lomatos i s was  studied  by 
comparison  with  1,2  IS  matched  non -cancer  patients 
living  in  the  same  area.  Patients  exposed  to 
ultra  high  frequency  (UHF)  or  super  high  fre- 
quency (SHF)  fields  or  ionizinq  radiation  accounted 
for  2$  of  all  patients  with  leukemia  and  1 ympho- 
granu lomatos  Is , but  only  IT,  of  the  controls  were 
exposed  to  such  factors  (p<0.00l).  This  group 
included  15  patients  exposed  to  UHF  and  SHF  fields, 
and  8 exposed  to  ionizing  radiation.  Seven  patients 
had  acute  leukemia,  6 had  chronic  myelogenous 
leukemia,  6 had  lymphocytic  leukemia,  and  4 had 
I ymphogranu lomatos i s . The  length  of  occupational 
exposure  was  3~7  yr  in  5 cases,  8-12  yr  in  7,  and 
over  12  yr  in  11.  The  relative  risk  compared  with 
the  controls  was  2.4  for  acute  leukemia,  2.1  for 
chronic  myelogenous  leukemia  and  1 ymphogranu loma- 
tos is,  and  1.5  for  chronic  lymphocytic  leukemia. 
There  was  no  significant  difference  between  the 
subgroups  exposed  to  UHF  or  SHF  fields  and  Ionizing 
radiation  in  terms  of  relative  risk. 


6040  EFFECT  OF  ALTERNATING  MAGNETIC  FIELDS  ON 

THE  ACTIVITY  OF  CARBOHYDRATE  METABOLIZING 
ENZYMES  AND  TISSUE  RESPIRATION  IN  TESTICULAR  TISSUE. 
(ffue.  ) Udintsev,  N.  A.  (Tomsk  Medical  Inst.,  Tomsk 
USSR);  Khlynln,  S.  M.  :*kr  '^iekhin  :h  50(6):  714- 
717;  1978.  (25  refs) 

The  effect  of  single* time  (24  hr)  and  repeated  (6.5 
hr/day  for  5 days)  exposure  to  an  alternating 
magnetic  field  (50  Hz,  200  Oe)  on  the  activity  of 
carbohydrate  metabolizing  enzymes  and  oxygen  con- 
sumption of  testicular  tissue  was  studied  in  100 
male  albino  rats  up  to  28  days  after  exposure.  Fol- 
lowing  single- time  exposure,  there  was  no  signif- 
icant change  in  the  cytoplasmic  hexokinase  activity 
and  in  the  succinate  dehydrogenase  activity  of  the 
mitochondria,  while  the  hexokinase  activity  of  the 
mitochondria  was  decreased  significantly  compared 


with  the  non -exposed  controls  on  day  2 (15-4  nmoles 
of  NADPH  per  mg  of  protein  per  min  versus  20  in  the 
controls),  the  malate  dehydrogenase  activity  of  the 
mitochondria  was  reduced  on  day  2 (43?  nnxiles  of 
NADH  per  mg  of  protein  per  min  compared  with  584 
in  the  controls),  and  the  cytochrome  oxidase 
activity  of  the  mitochondria  was  reduced  on  day  1 
(4.2  U/mq/min  versus  5.7  in  the  controls).  The 
cytoplasmic  g I ucose- 6- phosphate  dehydrogenase 
activity  was  decreased  on  day  1 (6.3  nmoles  of  NADPH 
per  mg  of  protein  per  min  versus  8.3  in  the  con- 
trols), but  a significant  increase  was  seen  1 hr 
after  exposure.  The  cytoplasmic  lactate  dehydro- 
genase activity  was  increased  on  day  2 (68  5 nmoles 
of  NADH  per  mg  of  protein  per  min  versus  532  in 
the  controls).  Following  repeated  exposure,  there 
were  no  significant  changes  in  the  cytoplasmic 
hexokinase  activity,  but  the  mitochondrial  hexo- 
kinase activity  was  decreased  1 hr  and  2 days  after 
exposure  08.2  and  15*9  nmoles  of  NADH  per  mg  of 
protein  per  min,  respectively,  versus  25.6  in  the 
controls).  The  cytoplasmic  g I ucose-6-phosphate 
dehydrogenase  and  mi tochondr i a 1 cytochrome  oxidase 
activities  were  also  decreased  significantly  1 hr 
and  2 days  after  exposure,  and  the  malate  dehydro- 
genase activity  in  the  mitochondria  was  reduced 
1 hr  after  exposure.  The  succinate  dehydrogenase 
activity  of  the  mitochondria  was  significantly 
decreased  after  1 hr  (1.49  U/10  mg  of  protein  per 
mi  n)  , and  it  increased  significantly  14  days  after 
exposure  (2.28  U/10  mg  of  protein  per  min).  The 
changes  seen  following  single-time  exposure  were 
interpreted  as  the  adaptive  reaction  of  the  body , 
while  the  changes  following  repeated  exposure  indi- 
cated disorders  in  the  metabolic  processes. 


6041  practical  lxperitnce  with  interference- 
current  THERAPY  OF  MEN  WITH  VEGETATIVE 
UROGENITAL  COMPLAINTS.  Leuthausel,  W. 

(No  affiliation  given);  Ruqendorff,  E.  W. 

; 28(47):  9219-92 21:  1978.  (3  refs) 

Forty- three  men  with  vegetative  urogenital  syn- 
drome received  interference-current  therapy  on 
the  inguinal  region  by  means  of  a Nemectrodyn  ap- 
paratus (90-100  Hz,  507-  and  then  100L  of  individual 
optimal  current  intensity,  8-1?  ml n/sess ion , 10 
sessions).  Therapeutic  response  was  achieved  in 
90V-.  At  the  end  of  the  treatment  50-601.  of  the 
patients  were  completely  symptom- free , and  another 
30-40.  achieved  considerable  improvemen t . 


6042  CARDIOVASCULAR  CHANGES  IN  RABBITS  EXPOSED 

TO  A STATIC  MAGNETIC  FIELD  OF  600  Or 
: 1,  1 Nakagawa,  M.  (Dept.  Public  Health,  Medical 
Sch  Nagoya  City  Univ.,  Nagoya,  Japan) . »’.*  * / 

Hr.:'  !h  20(2):  1 12-1 1 3;  1978.  (5  refs) 

Cardiovascular  changes  were  investigated  in  domestic 
white  rabbits  (3" 3- 4 kg)  following  a 5-wk  exposure 
to  a static  maqnetic  field  of  600  Oe . The  animals 
were  exposed  in  a room  at  24  ♦ 1 C , 60  • 5<  rel- 
ative humidity  that  was  lit  t rom  0600- 1800  hr  The 
6 experimental  and  4 control  rabbits  were  injected 
intramuscularly  with  1 mg/kg  Reserpine  ?4  hr  prior 
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to  measurement  of  magnetic  field  effects  to  suppress 
reaction  to  external  stimuli.  Rabbits  exposed  to 
the  magnetic  field  for  a comparat i ve I y long  period 
had  an  increased  heart  rate  and  peripheral  blood 
volume  compared  with  controls.  The  increase  in 
blood  volume  was  thought  due  to  excitation  of  heart 
function  and  not  vasodi lat ion . 


6043  DYNAMICS  OF  CHANGES  OF  THE  CORT I CAL  - SUB- 

CORTICAL CORRELATIONS  IN  EXPERIMENTAL  ANI- 
MALS EXPOSED  TO  ELECTROANALGESIC  PULSED  CURRENTS. 
(Rue. ) Persianlnov,  L.  S.  (All-Union  Scientific 
Res.  Inst.  Obstetrics  and  Gynecology,  USSR  Ministry 
of  Public  Health,  Moscow,  USSR);  Tkachenko,  N.  M.; 
Dmitrieva,  0.  K.  ; Smetnik,  V.  P.  Akueh  Gint'kol 
(10):  29-34;  1978.  (8  refs) 

The  effect  of  pulsed  current  (0.08-0.1  inA,  1 SO- 1 60 
Hz,  length  of  treatment  about  1 hr  with  2-5  min 
pauses  at  10-15  min  intervals)  on  the  cortical  and 
subcortical  electrical  activity  was  studied  in  48 
rabbits.  Electrodes  were  implanted  in  the  midbrain 
reticular  formation,  hippocampus,  anterior  and  pos- 
terior hi ppothalami c nuclei,  nonspecific  thalamic 
nucleus,  and  in  the  sensorimotor,  occipital,  and 
parietal  regions  of  the  cerebral  cortex.  The  stim- 
ulation of  the  hippocampus  led  to  the  activation  of 
the  thalamic  structures,  whose  stimulation  caused 
sleep.  The  pul sed-current  stimulation  of  the  hippo- 
campus inhibited  the  ascending  activating  effect  of 
the  reticular  formation,  and  this  facilitated  the 
manifestation  of  slow  diencephalic  rhythms.  The 
current  was  found  to  directly  inhibit  the  activating 
effect  of  the  cortex  and  reticular  formation  alike, 
and,  due  to  reciprocity,  facilitated  the  expression 
of  the  inhibiting  effect  of  the  hippocampus.  The 
findings  suggest  that  all  mechanisms  are  involved 
in  the  formation  of  the  inhibiting  activity  under 
the  effect  of  pulsed  current,  and  that  the  predom- 
inant effect  of  each  of  these  mechanisms  is  dependent 
on  the  functional  status  of  the  brain. 


6044  STATUS  OF  OXIDATIVE  PHOSPHORYLATION  PRO- 

CESSES IN  LIVER  MITOCHONDRIA  UNDER  THE 
EFFECT  OF  ELECTRICAL  FIELD.  (Rue.)  Koziarin,  I. 

P.  (A.  A.  Bogomolets  Kiev  Medical  Inst.,  Kiev, 

USSR);  Rudichenko,  V.  F.  Gig  Ron  it  (ll):  26-29; 

1978.  (6  refs) 

The  effect  of  exposure  to  electrical  field  (1-15  kV/m, 
50  Hz,  2 hr/day  for  4 mo)  on  the  copper  and  iron  lev- 
els of  the  liver  and  on  the  oxidative  phosphorylation 
processes  in  the  liver  mitochondria  was  studied  in 
male  albino  rats  with  an  initial  body  weight  of  120 
g.  The  exposure  to  the  electrical  field  caused  a 
field  intensity-dependent,  significant  decrease  in 
the  hepatic  copper  and  iron  levels:  the  copper  level 
decreased  from  603  V‘9‘7  in  the  group  exposed  to  the  1 
kV/m-field  to  288.7  ug7  in  the  group  exposed  to  the 
15  kV/m  field,  compared  with  759-3  wg7  in  the  non- 
exposed  controls.  The  iron  level  dropped  from  29-5 
mg7  in  the  group  exposed  to  the  1 kV/m  field  to  10.9 
mg7  in  the  group  exposed  to  15  kV/m,  compared  with 
39.8  mg'*  In  the  controls.  Exposure  to  1-4  kV/m  fields 
caused  no  significant  changes  in  the  oxidative  phos- 


phorylation processes,  but  tields  with  higher  inten- 
sities caused  pathologic  changes  (dissociation  of 
respiration  and  phosphorylation). 


6045  ASSESSMENT  OF  THE  POSSIBILITY  OF  PREDICTION 

OF  INDIVIDUAL  RADIOSENSITIVITY  BY  THf  RE- 
SPONSE TO  NON-RADIATION  EFFECTS.  (Rue.  > Darens- 
kaia,  N.  T.  (No  af f i 1 i at  ion  given);  Kuznetsova,  S. 
S.;  Chekhonadski  i , N.  A.  R.i. : 18(6): 
931-935;  1978.  (14  refs) 

Correlations  were  studied  between  the  effect  of 
stress  factors  (30-min  hyperthermia  at  40-50  C, 

24-hr  starvation,  and  0.5  to  5~hr  exposure  to  a 
600-0e  constant  magnetic  field)  and  the  sensitivity 
of  2-  to  3-mo-old  male  mongrel  and  Wistar  rats  to 
ionizing  radiation  (telecobalt,  single  600  R dose) 
in  an  attempt  to  predict  the  radiosensitivity  from 
tlie  response  to  the  stress  factors.  Changes  in 
the  leukocyte  count,  ranging  from  a decrease  by 
5,600  to  an  increase  by  15,450  cells,  were  seen  only 
following  4-  to  5-hr  exposure  to  the  magnetic  field. 
The  leukocyte  count  norma  1 i zed  in  20  hr.  The 
changes  in  the  erythrocyte  count  and  Hb  level  ranged 
from  -1 8?.  to  + 167  and  the  changes  in  the  exhaled 
carbon  dioxide  ranged  from  -25%  to  + 327.  The  body 
weight  decreased  by  up  to  107,  but  some  animals 
showed  almost  no  weight  loss.  Correlation  was 
found  between  the  response  to  the  stress  factor 
and  the  radiosensitivity  in  about  507  of  the  ani- 
ma Is  only. 


6046  THERMORADIOTHERAPY  IN  AN  ANIMAL  EXPERIMENT: 

TUMOR  GROWTH  AND  CURE.  (G*'r.  ' Dietzel, 

F.  (Abteilung  Nuk  1 earmed  1 z i n , Klimkum  der  Justus- 
L ieb Ig-Un i vers i tat , Fr iedrichst rasse  25,  63  Giessen, 
W.  Germany);  Linhart,  G.;  Kovacs,  G.  her- 

a;  ‘ 154(12):  861-868;  1978.  (36  refs) 


The  effects  of  single- time  x-ray  irradiation  (tumor 
dose  2,000  R,  dose  rate  285  R/min),  local  hyper- 
thermia (39-43  C,  Induced  by  electromagnetic  field, 
461.04  • 0.20  MHz,  150  W,  1-4  min)  and  their  com- 
bination on  the  30-day  tumor  volume  reduction, 
tumor  growth  retardation,  mean  survival  time,  and 
cure  rate  were  studied  in  female  albino  NMRI  mice 
with  solid  Ehrlich  carcinomas  implanted  in  the 
neck.  The  treatment  was  given  about  10  days  after 
tumor  implantation,  when  the  tumor  size  reached 
1.0  * 0.2  ml.  Th«*  hyperthermic  treatment  was  given 
before  or  after  x-ray  irradiation,  with  a 20-sec 
Interval  between  the  two  treatments.  Hyperthermia 
alone  had  no  significant  effect  on  the  parameters 
investigated,  but  it  enhanced  the  effect  of  x-ray 
treatment.  The  sequence  of  the  two  treatments  was 
not  important.  The  30-day  tumor  reduction  was 
29.57  after  x-ray  irradiation  alone,  49.9-52.5V 
after  x-ray  > 1-min  hyperthermia,  64.4-71-67  after 
x-ray  + 2-min  hyperthermia,  71  * ^“71  - 8 7 after  x-ray 
♦ 3‘niin  hyperthermia,  and  69.8-71-67  after  x-ray  ♦ 

4 -min  hyperthermia.  The  mean  survival  time  was  22.? 
days  after  x-ray  treatment  alone,  2 9.6-34.2  days 
after  x-ray  ♦ 1-min  hyperthermia,  38.4-39.9  days 
after  x-iay  ♦ 2-min  hyperthermia,  48.8-49.9  days 
after  x-ray  ♦ 3-min  hyperthermia,  and  33.?-40.7 
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days  after  k-min  hyperthermia.  The  cure  rate  was 
2.  It  after  x-ray  alone,  5-1 '12.5:  after  x-ray  ♦ 
1-min  hyper t he rmi a , 17.S-?0t  atter  x-ray  ♦ 2-min 
hyperthermia,  2T.1-H.3f  after  x-ray  ♦ 3-min  hyper- 
thermia, and  15.8-21*  after  x-ray  ♦ 4 min  hyper- 
thermia. The  findings  indicate  the  potentiating 
effect  of  hyperthermia,  especially  in  moderate 
doses  ( 2 and  3 min). 


6047  EFFECT  OF  STRONG  MAGNETIC  MELOS  ON  ACTIVE 

TRANSPORT  IN  THE  CHOROID  PLEXUS  ufi.  1 
Bresler,  S.  E.  (B.  P.  Konstantinov  Leningrad  Inst. 
Nuclear  Physics,  USSR  Acad.  Sciences,  Leningrad, 
USSR);  Bresler,  V.  M.  ; Vasil'eva,  N.  N . Kazbekov. 

E.  N.  L\fk!  Akad  XAuk  2k 2(2):  46S-468;  1978. 

(6  refs) 

The  effect  of  a magnetic  field  (5-50  kOe)  on  the 
active  transport  of  fluorescein  (10“4  M)  In  the 
isolated  choroid  plexus  of  rabbits  was  studied. 

The  choroid  plexus  was  incubated  in  Ringer-Hanks 
solution  for  IS  min.  At  high  calcium  ion  concen- 
t ra  t i on  ( norma  1 med i urn)  in  the  i nc uba  t i ng  med i um , 
the  magnetic  field  increased  the  fluorescein  trans- 
port by  nearly  100*,  but  it  inhibited  the  transport 
of  fluorescein  in  a medium  with  low  calcium  Ion 
concentration  (0.12  mmole)  compared  with  that  found 
without  magnetic  field.  The  rate  of  inhibition  in 
creased  with  Increasing  field  Intensity  up  to  about 
kO  kOe,  after  which  the  further  increase  in  the 
field  Intensity  caused  no  considerable  further  in- 
crease in  the  inhibition  rate. 


60k8  SHORTWAVE  DIATHERMY  AND  ULTRASOUND  IN  PHYS- 
IOTHERAPY (LETTER  TO  EDITOR).  > 

Moth,  B.  (Dept.  Phys i otherapy , Groote  Schuur  Hosp. , 
Observatory,  Cape  Town,  South  Africa)  ' 'V  'V  •' 

5k (27) : 1119;  1978.  (1  ref) 

A statement  In  a previous  article  contending  that 
the  bulk  of  patients  with  chronic  aches  and  pains 
obtain  no  benefit  from  shortwave  diathermy  and 
ultrasound  is  refuted  in  a letter  to  the  editor. 

It  Is  suggested  that  the  use  of  diathermy  has  stood 
the  test  of  time  and  that  numerous  patients  return 
time  and  again  for  the  pain  relief  obtained.  It 
is  also  suggested  that  ultrasonic  treatment,  cor- 
rectly given  with  an  apparatus  that  has  been  care- 
fully maintained,  has  also  stood  the  test  of  time. 


60k9  PERCUTANEOUS  CENTRAL  GRAY  STIMULATION 

FOR  CANCER  PAIN.  (Fn#.  Meyerson.  B.  A 
(Dept.  Neurosurgery,  Karol inska  SJukhuset , S - 10k 
01  Stockholm,  Sweden);  Boethius,  J.;  Car  Is son,  A. 
M.  Appl  Nturophyeiol  kl(1/k):  57-65;  1978.  (16 

refs) 

Intracerebral  electrical  stimulation  of  the  peri- 
ventricular and  per iagueductal  gray  matter  via 
percutaneous  electrodes  was  used  on  nine  cancer 
patients  In  an  attempt  to  relieve  pain  with  mid- 
1 1 ne  and  bilateral  distribution.  The  average 
follow-up  time  was  about  3 mo,  with  the  longest 
being  1 yr.  There  were  no  major  surgical  compl 1 - 


cations  or  any  later  signs  of  local  infections  or 
meningitis.  Good  pain  relief  was  experienced  by 
tour  patients,  moderate  pain  relief  by  three  pa- 
tients, and  no  pain  relief  by  two  patients.  No 
patient  experienced  total  alleviation  of  pa i n as  a 
result  of  electrical  stimulation.  In  one  patient, 
a 6k- yr-old  woman  with  uterine  cancer  who  initially 
experienced  very  good  pain  relief,  the  efficiency 
of  stimulation  seemed  to  decrease  after  about  2 wk , 
and  t he  pos t s t i mul atory  period  of  pain  reduction 
was  successively  shortened  f i or’  about  6 hr  to  less 
than  2 hr.  However,  one  patient  still  experienced 
good  pain  relief  after  having  used  the  stimulation 
tor  more  than  1 yr,  and  the  duration  of  poststim 
ulatory  pain  relief  has  remained  unchanged.  As  a 
rule,  stimulation  was  performed  at  a freguoncy  of 
about  30  Hz  and  at  a pulse  duration  of  0.2  msec. 
Stimulation  generally  had  to  be  on  for  about  20 
min  for  maximal  pain  relief  and  was  performed  at 
intervals  of  about  k hr.  The  stimulus  Intensity 
was  kept  .»t  a level  subthreshold  to  subjective 
sensations.  The  pain  relieving  effect  of  stlmula 
tic'n  was  very  dependent  on  the  exact  position  of 
the  electrode  In  order  to  investigate  the  role 
of  endorphin  activation  in  pain  relief,  endorphins 
In  lumbar  cerebrosp i na 1 fluid  were  estimated  In 
eight  of  the  patients.  Two  of  four  patients  with 
good  pain  relief  showed  a significant  increase  of 
endorphin  content  as  a result  of  stimulation,  how - 
ever,  in  both  patients  the  endorphin  level  was 
higher  than  normal  also  prior  to  stimulation. 

Slmr  s f imulat  Ion-produced  analgesia  in  animals  is 
readily  reversed  by  opiate  antagonists,  such  as, 
naxolone,  this  drug  was  given  as  slow  intravenous 
Injections  shortly  after  the  cessation  of  stimula- 
tion when  patients  reported  maximal  pain  relief. 

In  three  of  the  patients  who  had  good  or  moderate 
pain  relief,  there  was  an  unequivocal  reversal  of 
the  effect  of  stimulation,  which  occurred  5-10  min 
atter  the  injection.  The  idea  that  pain  relief  with 
central  gray  stimulation  is  accomplished  by  the  ac- 
tivation of  an  opiate  receptor  system  was  further 
supported  by  the  fact  that  one  patient  who  bad  become 
slightly  dependent  on  a narcotic  analgesic  found 
that  increasing  the  dose  of  the  drug  resulted  in 
a decrease  in  the  pain-relieving  effect  of  electrical 
st imulat ion. 


6050  MECHANISM  01  INTERACTION  OF  ALTERNATING 

ELECTRICAL  FIELD  0E  INDUSTRIAL  FREQUENCY 
WITH  THE  HUMAN  AND  ANIMAL  BODY.  ' Kolesnikov, 

S.  V.  (No  affiliation  given);  Chukhlovln,  B.  A. 
•':>•*!  yia  k(15)  935-939;  1978.  (3  refs) 

The  mechanism  of  action  of  alternating  electrical 
fields  of  Industrial  frequency  (50  Hz)  on  the  human 
and  animal  body  was  studied  in  model  experiments. 

The  computations  revealed  that  during  exposure  to 
an  electric  field  ot  100  kV/m  intensity,  the  current 
flowing  through  the  human  body  amounted  to  1,230 
;A.  The  corresponding  current  intensities  found 
for  rabbits,  rats,  and  mice  were  kO,  5.k,  and  1.03 
uA,  respectively.  The  experiments  in  rats  revealed 
nc'  changes  in  energy  metabolism  during  exposure  to 
a field  of  300  kV’m  and  50  Hz,  but  significant 
changes  were  found  in  energy  metabolism  during 
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exposure  to  300  kV/m  at  500  and  1,000  Hz.  The 
findings  indicate  that  the  observed  reaction  of 
the  body  is  elicited  by  the  current  flowing  through 
the  body , which  is  proportionate  to  the  freguency, 
and  not  by  the  field  Intensity.  Another  experiment 
revealed  that  the  current  flowing  through  the 
human  body  during  exposure  to  a body  surface  field 
intensity  of  10  kV/m  equaled  that  elicited  by 
exposure  to  117  kV/m  in  rabbits,  to  123  kV/m  in 
rats,  and  to  151  kV/m  in  mice. 


6051  EVALUATION  OF  LENS  TRANSPARENCY  IN  PERSONS 

EXPOSED  TO  ELECTROMAGNETIC  RADIATION  AT 
27~30  MHz  FREQUENCY.  (Pol,)  Smol arz-Dudarewi cz , 

J.  (Instytut  Medycyny  Pracy,  Rac jona I i za torow  5, 

m.  10,  91-837  Lodz,  Poland).  MeA  tYaou  29(4):  349- 
353;  1978.  (14  refs) 

The  transparency  of  the  crystalline  lens  of  the  eye 
was  evaluated  in  55  women  (welders)  (average  35-3 
yr)  who  had  been  occupat iona 1 I y exposed  to  elec- 
tromagnetic radiation  with  a f requency  of  27“ 30 
MHz  for  periods  ranging  from  less  than  2 yr  to  19 
yr  (average  6.3  yr)  and  in  101  healthy  unexposed 
controls.  The  field  strength  to  which  the  welders 
were  exposed  ranged  from  3.2  to  135  V/m.  Consider- 
able opac i f i cat  ion  of  the  lens  was  found  in  10/55 
welders  (18.2't)  and  in  21/101  controls  (20. St). 
Moderate  opac i f i cat  ion  was  seen  in  19/55  welders 
(34. 6*)  and  in  33/101  controls  (32. 7t).  The  fre- 
quency of  opacification  increased  with  age  in  both 
groups,  but  there  was  no  correlation  between  the 
incidence  and  the  length  of  occupational  exposure 
among  the  welders.  The  findings  failed  to  show 
any  significant  effect  of  electromagnetic  field 
exposure  on  lens  opac i f i cat  ion . 


6052  INFLUENCE  OF  ALTERNATING  MAGNETIC  FIELDS 

OF  INDUSTRIAL  FREQUENCY  ON  THYROID  GLAND 
FUNCTIONAL  ACTIVITY  AND  1 M I -THYR0XI N BINDING  BY 
TISSUES  OF  ALBINO  RAT  ORGANS.  ih'ne.  » Udintsev,  N. 
A.  (Dept.  Biochemistry,  Tomsk  Medical  Inst.,  Tomsk, 
USSR);  Serebrov,  V.  lu.;  Tsyrov,  G.  I.  Biu  ' 

Biol  Me  A 86(11):  544-546.  1978.  (13  refs) 

The  effect  of  exposure  to  an  alternating  electro- 
magnetic field  (50  Hz,  200  Oe , single  exposures 
of  0.25,  6.5,  or  24  hr  or  multiple  exposures  of 
6.5  hr/day  for  5 days)  on  the  uptake  of  1,1 1 (0.5 
uCi,  administered  subcutaneous! y)  by  the  thyroid 
gland,  on  the  prote i n-bound  iodine  (PBl)  level  of 
the  serum,  and  on  the  uptake  of  1 ‘l-thyroxin  by 
the  testes,  adrenals,  heart,  liver,  and  spleen  was 
studied  in  280  adul t albino  rats.  The  uptake  of 
l,'l  by  the  thyroid  9 1 anil  was  increased  signifi- 
cantly 12  hr  after  irradiation  for  6x6.5  hr  (65.017 
of  the  dose  administered,  versus  58.96  in  the  non- 
irradiated  controls),  but  there  were  no  significant 
differences  from  the  controls  in  the  single-exposure 
group  animals.  The  PBl  level  was  increased  after 
15~min  Irradiation  (4.7?  mq/ml  versus  2.94  mg/ml 
in  the  controls),  reduced  after  6.5-hr  irradiation 
(1.69  mg/ml  versus  2.68  mg/ml)  and  after  ?4-hr 
exposure  (0.245  mg/ml  versus  0.475  mg/ml),  and 
increased  after  5x6.5“hr  exposure  (2.02  mg/ml  versus 


1.48  mg/ml),  24  hr  after  the  exposure.  The  I 
thyroxin  uptake  was  s i gn i f i can t I y reduced  (p  0.06) 
in  the  liver  and  spleen  after  the  ingle  6. 5 -hr 
exposure  and  in  all  organs  after  the  5x6. 5 -hr  or 
.’4-hr  exposure.  The  findings  indicate  the  consider- 
able effect  of  exposure  to  a 50-Hz  electromagnetic 
field  of  200  0e  on  thyroid  function,  and  the 
influence  of  exposure  duration. 


6063  ELECTROMAGNETIC  FIELDS  IN  THE  VICINITY 

0E  RADAR  THERAPY  EQUIPMENT.  (Ita.  » 
Grandolfo,  M. ; Ranghiasci,  C.  (Laboratorio  del 1e 
Radioazioni,  Istituto  Superior  di  Sanita,  Viale 
Regina  Elena  299,  001 61  Rome,  Italy).  pp.  31 "35; 
1978.  (available  through  National  Technical  Infor- 
mation Service,  Springfield,  VA  22161,  Document  No. 
N78-20765I.  (3  refs) 

The  electromagnetic  field  intensities  and  their 
angular  distribution  were  measured  around  a ther- 
apeutic radar  equipment  (Siemens  Radiotherm  306, 
power  output  0-200  W,  frequency  2.45  GHz)  with 
rectangular  and  circular-field  emitters.  Field 
intensities  of  10  mW/cm  or  higher  were  measured 
even  at  distances  of  1 m or  slightly  greater . The 
10  mW/cm  level  has  been  adopted  in  the  USA  and 
many  West  European  countries  as  a maximum  permis- 
sible intensity  in  the  human  environment.  The 
field  intensities  were  in  the  same  order  of  magni 
tude  with  the  rectangular  and  c i rcu lar- fie  Id  emit- 
ters. The  findings  indicate  the  hazards  of  expo- 
sure to  therapeutic  radar  equipment  for  radiation 
the rap i sts . 


6054  INFLUENCE  Of  THE  AGE  Of  MICE  ON  THE  EE  FECI 

IVENESS  OF  STIMULATION  0E  THE  IMMUNE  SYSTEM 
BY  ELECTROMAGNETIC  RADIATION.  ••,  . Paul  rite),  R. 
(Laboratoire  d‘ Inriunoloqi e et  de  Biologie  parasitaire. 
Uni  vers ite  Bordeaux  I I , 1 4h . rue  leo-Sa i gnat . 3 30  7h 
Bordeaux  Cedes,  France);  Chateaureynaud-Duprat , F. 

• ■ | I ■ 1 1 : 

(5  refs) 

The  effect  of  microwave  stimulation  of  the  immune 
system  on  t fie  course  of  re- 

infection (1,000  cells/animal  administered  intra 
per i tonea 1 I y)  was  studied  in  young  female  Swiss 
mice.  The  animals  were  infected  at  the  »Kie  of 
0-40  days , and  irradiation  began  on  the  dav  of 
the  infection  with  a modulat  { electromagnetic 
field  (9.4  and  17  MHz,  1,200  , 6 hr/day  for  4 

diys).  All  animals  that  were  infected  at  the  age 
of  0-2#  days  developed  considerable  parasitemia 
(nearly  10*  cells/mm*  of  blood'  and  died  9?  96 
hr  after  Infection.  Some  of  the  animals  infected 
at  the  age  of  28  11  days  became  - negat  i vo , 

and  survived.  All  animals  that  were  infected  at  the 
age  of  36-40  days  became  s negat  i ve  and 

survived.  The  i nvest I gat i on  of  other  non i r rad i at ed 
subgroups,  infected  at  the  age  of  0-40  days,  demon- 
strated the  development  of  the  Immune  system, 
including  the  appearance  of  aqg 1 ut l nat I ng  anti- 
bodies, during  that  period.  The  findings  indicate 
that  a mature  immune  system  is  required  for  micro- 
wave  stimulation  to  he  effective 
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MSS  STUDIES  ON  ELECTROMAGNETIC  MHO  I XPOSURt 

IN  THE  COURSE  01  HEAT  I RE  A 1 ME  N 1 01  HE TAl S 
R>  MEDIUM  AND  HI  C»H  -FRE  QUENCV  CURRENTS  \r  . 

Ho  r in«in  , H ( I ns t i t ut  ul  de  Ce r c e t at  • S t » • n t i f * v o 
pentru  protect  la  Hunt.  I I , Bucharest,  Run'jni.O  ; 

Bade sc u,  L . , Rafai la , f . ’ 

27(2)  19  78.  (10  Iffsl 

Workers  from  48  industrial  plants,  who  had  boon 
occupa t 1 or>a  1 I v exposed  to  e 1 ev  t rx*maqnet  Molds 

(2.SOO-8.O00  Hz  or  200  4S0  MH .•  , max  -u  A ind 

maximum  12.4  V/m)  in  me  t a I bar  don  i iuj  , «elt  •■*»:.  and 
joining  operations  were  examined  for  ,»os-  t ie  health 
effects.  Compared  with  an  unexposed  coni'.' I group, 
no  particular  changes  were  found  in  c I I n i v a I , endo 
cri  nologic,  biochemical,  and  hematologic  p.n.i'ete* 

No  c umu  I a t i ve  effect  of  t he  «■  I «*,  t t > 1 t • f elds 

was  seen. 


b0S6  ASPECTS  0E  THE  ME  CHAN  I SH  OF  ACTION  Of 

PULSE  0 CURRENTS  WITH  RESPECT  TO  ELECTRO 
ANALGESIA.  'in-.  Persianinov,  l d I 

Scientific  Res  Inst  Obstetrics  an*  Gyne.  -Ivuis, 

USSR  Ministry  of  Public  Health,  M,isi  ,n,  , SSRl 
Tkachenko,  N M Smetnik,  V P 
ak  (8)  7-14  10*8.  (2  1 ret  si 

Cortical  and  subcortical  structures  „ete  st  n.lated 
by  square  waves  (pulse  duration  0. ’ 0 d msev  , freg 
uency  8-10  and  100  TOO  Hz,  0.  3-0.8  mA)  in  adult 

animals  (species  not  spe»  ifie.ll,  Spikes 

(3-4/sec , amplitude  120-IS0  i.wl  were  found  n all 
areas  of  the  cortex,  including  the  occipital  and 
sensor  i motor  regions,  following  short  term  p,  ^ 
sex  1 stimulation  of  the  anterior  hypothalamic  nuclei 
Continued  stimulation  v a used  progressive  Inhibition; 
the  amplitude  of  the  rhythmic  oscillations  rose  to 
1S0-180  uA,  and  their  frequency  decreased  There  was 
also  a change  in  the  response  tv'  afferent  stimuli; 
in  response  to  a single  light  flash,  the  amplitude 
of  the  basic  negative  wave  and  the  amplitude  and 
duration  of  the  secondary  components  of  the  evoked 
potential  Increased.  The  findings  indicate  that 
local  stimulation  of  the  anterior  hypothalamus  plays 
an  active  role  In  the  formation  of  the  inhibitory 
activity  under  the  effect  of  pul sed-cur rent  stimula- 
tion. 


f>0S7  CHANGES  IN  CONDUCTIVITY  OF  ALAMETICIN 

MODIFIED  PH0SPN01 I P I P MEMBRANES  IRRADIATED 
BY  A HIGH-FREQUENCY  ELECTROMAGNETIC  FIELD. 

Tiazhelov,  V.  V.  (Inst.  Biological  Physics,  LiSSR 
Acad.  Sciences,  Pushchlno  (Moscow  Oblast  I,  USSR)  . 
Alekseev,  S.  I.;  Grlgor’ev,  P.  A.  * 2 3(4) 

732-733;  1078.  (1  ref) 

The  conductivity  of  lecithin  membrane  systems  was 
studied  under  the  effect  of  a high-frequency  elec- 
tromagnetic field  (0.9  GHz,  1.6-8  W,  maximum  pulse 
duration  4 sec,  minimum  pulse  interval  10  sec)  in 
KC I and  NaCI  solutions  (0.S-2  moles)  In  the  presence 
of  alameticln  (0.8  pg/mi ) . The  pulsed  electronvig 
netlc  field  caused  a sharp  and  sudden  revet  si  bit- 
drop  in  the  resistance  (Increase  in  the  conduc t i v i ty ) , 
t he  new  conduc t i v i ty  va I ue  es  tab  I i shed  itself  I n 


0 . 2-0  4 set.  at  the  beginning  of  the  eulse,  mu  ie 
verted  to  the  initial  level  just  as  rapidly  The 
observed  effec  t may  have  been  due  i«>  Wu  »’  • ■ . • . 1 • t. 
of  a lame  tit.  In  channels  i n t hr  nembi  .me  h\  t be  high 
frequency  field. 


SUTURELESS  ANASTOMOSIS  IN  GASTROINTESTINAL 
SURGERY  WITH  AND  WITHOUT  STEADY  MAGNE T 1 1 
FIELD  AN  EXPERIMENTAL  STUDY  Nansh  n.  N 

N (Third  Surgical  Clinic,  h V Sk I i fosovsk I i 
Moscow  Mun  • c 1 pa  1 sK  i ,*nt  1 t I x Res  I ns  t E < gei\v  \ 

A • d , Most  i»w  , USSR ) . F'e  r >’  1 akoy  , N k . IT  / ha  1 aqv »n  i i a , 

K A . Nikulin,  B I . Ku  .■  ne  t sov  .A  A 
40(8)  Sb  bl , T q 78  (TO  rets) 

Suture  I ess  gas  t rodoodt  ><a  t and  cev«*  njunal  side  tv' 
side  anastomoses  were  pe* formed  in  S2  dogs  t»\  v.ins 
i't  simp)*  tomp reusing  devices  with  and  wJtf**ut 
steads  magnetic  fields  (field  intensity  not  mm- 
iified)  The  anas  to«'X’s  1 s forfeit  on  was  completed 
in  b ’ days  after  tht  operation,  and  the  compressing 
elements  were  O' sv  barged  spon  t aneous  I y In  7*8  days 
in  both  u ants,  signifying  that  the  steady  mo 
net  it  Meld  Had  no  r".-vt  »n  the  heal.  . of  the 

nusl.n's  s 


CHAN.. I s IN  MU'  . 1 AR  * OS  s' l . A 1 ■ t ' pv  t l ( t 
TRItAl  STIMULATION  IN  EL'tRlY  suB.EtTS 
Dot'kowska  , A (Kl  1 n i k a Rehab  • ’ ui.  Am, 
uF  k I e . e e>.  *.  I ; • )„\  No  • • ; * »,  • x U \ . 

Poland).  Gorsk  . w . wi  k . j 33(48) 

1 84u  1 8 s 2 1 u 8 (to  iris) 

T St*  e f f ev  t v*  t e I ev  t 1 Mai  s t • • v,  1 a t i on  o * t *>,-  t i b a 

( 1 - IMS  e » s t 1 "ill  t , * ' . . -e  w y *»  0 t 0 FT  ; . 1 ••  e,  \ I 1 «•  \ s 

at  10  sec  Intervals,  Is  .'0  *indav  S'*  \ ' on  the 

forte  v' f t r . •«.  r.  v%,»s  st  1 re  ' »*,«■>, 

aged  b t v'  ■ p v%  : b ♦ . t • ' *a  I vi  i so*  Pe  * s of  t h«  I owe  * 

ex  t r e " • t * es  The  , . e . • ♦ t **,•  x,  Sms  •. v I ,•  u ease.' 

in  all  patients  dur  . :*g  the  t*eat-»  't  the  initial 
forte  was  » n the  range  o*  3b  kg.  and  10  ] ' t 
we*  e measu'e.1  at  th,  »•  'd  of  the  lieat'"e*'t  T f»«* 
increase  was  TOO  tkp  m t ht*  pat»*nts  with  Tow 
initial  values,  ,*nj  ‘00  . pat'ents  whpse 

musv  u 1 .1  * f v'r x 1*  v\.r  s >o  t * e dux  e d e Xv  e s s i v e 1 v t'e  ♦ o ■ 
the  treatment  Th*  Inc  ease  wa  less  than  s'  in 
f b 1 ee  . a .e  s on  1 y 


bObO  STIMULATION  WITH  AdTOMAI  If  RAD  I 0»  • t QH  Ni  Y 

sY  Nf  HR0N I ,*AT  I ON  AND  PALING  IN  THE  LON  MR** 
TREATMENT  of  HYPERKINETIC  ARRHYTHMIA 
C*  i tell  «,  G (1st  tvito  dl  Pa  tv'lv'g  1 a Med.,a  dell 
Un  i ve  r s i t a II,  Po  1 • 1 1 i n I c , Via  Pans  ini  s , So  1 X 1 
Nap  I es , 1 1 a f y 1 . Grass*,  G Per t . one , f . Ad  10  I f 
L.,  Malone,  s.  Con*;foi  e 1 1 • , m ' 

71(11)  t 12  79  1 78:  . T9 78  ( 1 yy  . ets' 

A pavemake  t us.  >g  i.'d  o M egue*'v  v signals  rtM  x\n 
x hr  v'n  i za  t * .'n  and  t'.n  ng,  and  seek  i nvj  av»t  v'”x»  t * v a 1 1 v 
the  phase  of  the  cvx  1e  at  wbixh  tachycardia  ’wv  be 
Interrupted,  is  des,  ribed  The*e  ta  an  e1evt*v'"ag 
netiv  vv'm'ling  bc-tkveen  t be*  ext«**na!  unit  that  x m 
be  a.  tlvated  by  the  patient  and  the  implanted  x *«t 
by  "turns  of  a Kx*p  an  tenrr.r  The  »»rt'v*r,»'"  v»f  the 


diologn  ji  Effects  of  Nonionizing  Electromagnetic 
Radiation  1 1 1141.  June  1979 
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external  transmitter,  which  scans  nearly  all  R-R 
cycles  of  the  tachycardia,  can  be  preset  to  transmit 
one  or  two  synchronized  stimuli,  with  a progressive 
delay  of  5 or  10  msec.  If  the  tachycardia  is 
interrupted,  the  pacing  stops  automat i ca I I y . The 
implantable  unit  can  be  connected  to  a normal  endo- 
cardial electrode,  has  no  batteries,  is  of  small 
size,  and  weighs  only  33  g-  The  unit  was  used 
successfully  in  It  patients  with  reciprocal  junc- 
tional tachycardia  (3  of  these  patients  had  Wolff- 
Parkinson-White  syndrome),  and  in  one  case  of 
chronic  recurrent  ventricular  tachycardia.  All 
patients  had  been  refractory  to  conventional  drug 
treatment . 


6061  EFFECTS  OF  ELECTRICAL  STIMULATION  OF 

VAGAL  NUCLEI  IN  ANESTHETIZED  AND  UNANES- 
THETIZED CATS.  (Eng.)  Dugin,  S.  F.  (Dept.  Phys- 
iology Man  and  Animals,  Moscow  State  Univ.,  Mos- 
cow, USSR);  Zakharov,  S.  I.;  Samoni na , G.  E.; 
Udel'nov,  M.  G.  (teuroaci  Behav  Phuaiol  8(A);  317- 
320;  1978.  (16  refs) 

Changes  in  heart  rate  were  studied  during  elec- 
trical stimulation  (1.75-6.0  V,  30-70  Hz,  0.1  msec) 
of  the  effector  nuclei  of  the  vagus  nerves  in  anes- 
thetized and  unanesthetized  cats.  Tungsten  micro- 
electrodes with  a tip  diameter  of  10-25  micron  were 
inserted  into  the  dorsal  vagal  nucleus  and  into 
the  nucleus  ambiguus  of  the  medulla  of  cats  under 
pentobarbital  anesthesia.  In  seven  cats,  seven 
points  were  investigated,  four  in  the  dorsal  vagal 
nucleus  and  three  In  the  nucleus  ambiguus.  Stim- 
ulation of  these  points  in  anesthetized  animals 
caused  a slowing  of  the  heart  beat  after  a rela- 
tively short  latent  period  (1-2  sec),  and  the  ef- 
fect stopped  virtually  as  soon  as  the  stimulation 
ceased.  Changes  in  heart  rate  and  various  types 
of  motor  responses  were  obtained  by  stimulation  of 
the  same  points  in  unanesthetized  cats.  The  motor 
responses  consisted  of  slight  twitching  of  the 
neck  muscles,  the  tips  of  the  ears,  and  the  whis- 
kers. In  contrast  with  anesthetized  cats,  stimu- 
lation of  the  dorsal  vagal  nucleus  or  nucleus 
ambiguus  in  unanesthetized  cats  was  usually  ac- 
companied by  a guickening  of  the  heart  beat;  in 
some  cases  guickening  was  followed  by  slowing. 

Just  as  with  the  bradycardia  in  the  anesthetized 
cats,  tachycardia  developed  after  a short  latent 
period  (1-2  sec)  and  it  ceased  virtually  immed- 
iately after  stimulation  was  ended.  The  increase 
in  the  heart  rate  of  unanesthetized  cats  after 
stimulation  of  the  effector  nuclei  of  the  vagus 
nerves  was  not  due  to  activation  of  the  sympa- 
thetic nervous  system  as  was  demonstrated  in  ex- 
periments with  Obsidan,  a R-adrenoblocker.  The 
injection  of  Obsidan  never  abolished  the  effect 
of  tachycardia.  This  applied  both  to  groups  of 
neurons  whose  stimulation  led  to  the  development 
of  tachycardia  alone  and  to  groups  of  neurons 
whose  stimulation  produced  tachycardia  accompanied 
by  motor  responses.  It  was  concluded  that  the 
tachycardia  arising  in  response  to  stimulation  of 
the  vagal  nuclei  is  parasympathetic  in  nature. 

This  conclusion  was  confirmed  by  the  character  of 
the  tachycardia,  l.e..  Its  short  latent  period 


and  the  quick  termination  of  the  effect  after 
stimulation  ceased.  Opposite  effects  were  also 
obtained  in  anesthetized  and  unanesthetized  cats 
during  stimulation  of  the  same  group  of  neurons  of 
the  anterior  hypothalamus  (preoptic  region).  Bra- 
dycardia arising  in  anesthetized  cats  was  replaced 
by  tachycardia  when  stimulation  was  applied  after  the 
end  of  the  anesthesia.  This  tachycardia  also  was 
parasympathetic  since  it  remained  after  the  admin- 
istration of  Inderal.  In  an  animal  in  the  normal 
state,  stimulation  of  efferent  neurons  of  the  par- 
asympathetic pathways  is  thus  accompanied  by  an 
increase  in  the  heart  rate,  suggesting  that  accel- 
erator influences  are  among  the  regulatory  func- 
tions of  the  parasympathetic  innervation  of  the 
heart.  Dominance  of  the  inhibitory  effects  on 
stimulation  of  the  same  efferent  neurons  in  anes- 
thetized animals  suggests  that  the  widely  held 
view  that  the  function  of  the  vagal  innervation 
of  the  heart  is  purely  Inhibitory  is  evidently  based 
on  the  Inadeguate  responses  of  the  heart  of  anes- 
thet i zed  animal s. 


6062  PHANTOM  LIMB  PAIN  TREATED  BY  ELECTRICAL 

STIMULATION.  (Eng.)  Miles,  J.  (Center 
for  Pain  Relief  and  Regional  Dept.  Medical  and 
Surgical  Neurology,  Walton  Hosp. , Liverpool  9, 
England);  Lipton,  S.  Pain  5(A);  373-382;  1978. 

(11  refs) 

The  suitability  of  using  an  electrical  stimulator 
implant  to  the  peripheral  nerve  or  spinal  cord 
for  the  treatment  of  phantom  limb  pain  was  assessed 
in  20  patients  with  this  condition.  Of  12  patients 
who  were  so  treated,  7 obtained  excellent  relief 
of  pain  such  that  they  required  no  analgesics. 

Three  patients  obtained  only  partial  relief  of 
pain  and  occasionally  required  simple  analgesics. 
Three  patients  achieved  such  a satisfactory  relief 
of  pain  on  transcutaneous  stimulation  that  they 
were  maintained  on  this  form  of  treatment;  one 
continues  to  obtain  excellent  pain  relief  after 
1 yr.  Two  patients  obtained  no  pain  relief,  and 
both  of  these  patients  were  subsequently  recognized 
to  have  had  evidence  suggestive  of  ipsi lateral 
cord  injury.  None  of  the  patients  responding  to 
electrical  stimulation  had  evidence  of  ipsilateral 
cord  injury  or  even  ptosis  or  nyosis. 


6063  MICROWAVE  PROPERTIES  OF  CRY0PR0TECTANTS . 

(Eng.)  Macklis,  J.  D.  (Cryogenic  Engi- 
neering Lab.,  Massachusetts  Inst.  Technology,  Cam- 
bridge, MA) ; Ketterer,  F.  D.  Cruobioloait  15(6): 
627-635;  1978.  (6  refs) 

The  temperature  dependence  of  both  the  dielectric 
constant  and  loss  tangent  of  three  membrane-pene- 
trating, hydrogen -bonding  cryoprotectants  commonly 
used  in  organ  preservation,  i.e.,  d imethyl sul foxi de 
(DMS0),  ethylene  glycol  (EG),  and  glycerol  (GCL) , 
was  investigated  to  elucidate  the  process  of  mic- 
rowave thawing  of  cryopreserved  tissue.  The  tests 
were  performed  over  a temperature  range  of  +15  to 
-70  C.  The  microwave  frequency  used  ranged  from 
1.A5-1.55  GHz;  this  frequency  range  is  about  midway 
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between  0.915  and  2.45  GHz,  frequencies  for  which 
commercial  microwave  heating  equipment  is  available 
and  which  have  been  shown  to  be  useful  for  organ 
thawing.  The  microwave  signal  was  100*  square 
wave  modulated  external  to  the  source.  Although 
the  data  showed  certain  similarities  in  the  gen- 
eral temperafcre  dependencies  of  the  microwave 
properties  of  DMS0,  FG,  and  GCL,  different  char- 
acteristics were  clearly  present  in  each.  At 
approximately  1.5  GHz,  DMSO  was  by  far  the  most 
electrically  active,  exhibiting  a room  temperature 
dielectric  constant  almost  four  times  larger  than 
that  of  EG  and  almost  10  times  that  of  GLC . How- 
ever, at  low  temperatures,  the  dielectric  constant 
of  DMSO  was  only  approx i ma te I y two  times  that  of 
EG  and  GLC.  A comparison  of  loss  tangent  versus 
temperature  curves  showed  that  all  three  cryopro- 
tective  agents  have  maximum  loss  tangent  values  of 
approximately  the  same  magnitude.  However,  there 
was  a great  variation  as  to  where  in  the  tempera- 
ture range  the  maxima  occurred.  The  highest  loss 
tangent  for  GLC  was  at  approx i mate  1 y room  tempera- 
ture, with  GLC  rapidly  losing  its  lossiness  with 
declining  temperature.  In  contrast , EG  was  quite 
lossy  over  a fairly  wide  temperature  range;  the 
loss  tangent  showed  a modified  plateau  from  approx- 
imately +5  C to  about  -10  C,  and  It  gently  de- 
creased at  both  above  and  below  this  temperature 
range.  The  loss  tangent  of  EG  fell  to  an  extremely 
low  value  below  -60  C,  a value  that  was  less  than 
one  fourth  as  small  as  that  for  GLC's  low  tem- 
perature minimum.  A wide  temperature  range  of 
relatively  high  loss  tangent  values  was  exhibited 
by  DMSO,  but  below  the  temperature  of  about  -40  C 
this  property  fell  off  very  rapidly  with  decreasing 
temperature.  This  decrease  was  about  twice  as 
fast  as  that  for  EG.  From  the  above  data  it  appears 
that,  by  properly  designing  a cryoprotect i ve  mixture, 
electrical  property  temperature  dependence  may  be 
controlled.  Due  to  the  frequency  dependence  of 
both  the  dielectric  constant  and  the  loss  tangent, 
the  reported  results  are  only  truly  valid  for 
frequencies  approximating  1.5  GHz. 


6064  SOFT  TISSUE  STRETCHING  WITH  MAGNETS. 

(Eng.)  Engel,  J.  (Chaim  Sheba  Medical 
Center,  Tel  Hashomer  and  Tel-Aviv  Univ.,  Sackler 
Sch.  Medicine,  Israel);  Dag an,  J.  Hand  10(3):  312- 
316;  1978.  (2  refs) 

The  possibility  of  stretching  soft  tissues  by  mag- 
netic force  was  tested  in  rabbits  and  dogs.  A 
small  ferromagnetic  metallic  sphere  was  implanted 
under  the  skin  of  the  animal's  amputated  forearm, 
and  a Samarium  Cobalt  permanent  magnet  (residual 
induction  of  8,000  G and  coercive  force  of  7*500 
Oe)  that  was  connected  to  a turnbuckle  device  was 
attached  to  the  stump  by  means  of  two  Kirschner 
wires.  This  device  stretched  the  skin  by  pulling 
the  implanted  sphere  toward  the  magnet.  The  goal 
was  to  elongate  the  stump  by  2-3  cm.  The  device 
was  activated  once  a day,  achieving  a stretch  of 
3-4  mm  daily.  Initially,  experiments  were  performed 
on  the  amputated  forearm  of  a rabbit,  but  these 
failed  because  the  rabbit  did  not  tolerate  the  bulky 
apparatus  connected  to  the  stump.  A second  series 


of  experiments  was  performed  on  four  mongrel  doqs 
whose  upper  I imbs  were  amputated  through  the  fore- 
arm. A metallic  disc  was  inserted,  and  the  stump 
was  closed.  The  turnbuckle  device  containing  the 
magnets  was  mounted  on  the  leg  and  transfixed  to 
the  forearm  bone  by  means  of  two  Kirschner  wires 
proximal  to  the  magnet  at  the  stump.  X-ray  films 
demonstrated  that  the  metallic  disc  tilted  after 
application  of  the  magnet,  causing  the  skin  wound 
to  break  down.  Ten  additional  dogs  were  amputated 
in  the  same  manner,  but  this  time  a metal  sphere, 
rather  than  a disc,  was  implanted  distal  to  the 
bone.  The  sphere  was  installed  under  the  skin  in 
five  dogs.  However,  the  metal  sphere  caused  the 
skin  to  break  in  these  dogs  between  days  2 and  5 
after  stretching  was  initiated.  In  another  five 
doqs  the  sphere  was  covered  by  muscle  and  skin. 

In  these  dogs,  migration  of  the  metal  sphere  was 
much  slower  than  in  the  first  group  of  five  dogs, 
however,  elongation  was  achieved  without  skin 
necrosis  or  breakage.  The  optimal  distance  be- 
tween the  magnet  and  metal  sphere  was  that  which 
exerted  maximal  pull  but  did  not  cause  the  skin 
to  blanch  or  become  necrotic  Although  no  more 
than  700  g of  pull  could  be  exerted  without  the 
skin  showing  signs  of  impending  necrus  is,  this 
Pull  was  enough  to  create  a qradual  elongation  in 
soft  tissue  that  ranged  from  2.4-2. 7 nut/ day  in  the 
mongrel  dogs.  Vessels  and  nerves  were  not  af- 
fected in  the  test  animals. 


6065  SINGLE  NEURON  ANALYSIS  OF  TW£  HUMAN  MID- 

BRAIN TEGMENTUM:  ROSTRAL  MESENCEPHALIC 
RLTICUL0T0MY  FOk  PAIN  RELIEF.  v . A AOO,  * 
(Neurological  Inst.,  Tokyo  Women's  Medical  Coll., 

10  Kawada-cho  Shinjuku-ku,  Tokyo,  Japan) ; Tani 
kawa , T.;  Iseki,  H.,  Kawabatake,  H.t  Not an i , M. . 
Kawamura,  H.;  Kitamura,  K.  V . .» 

41(1/4) : 66-78.  1978.  (19  refs) 

Microelectrode  recordings  from  nociceptive  neurons 
in  the  human  midbrain  reticular  formation  (MRF' 
were  made  during  rostral  mesencephalic  ret i cu lot  .vn\ 
(RMR)  for  pain  relief  in  four  patients  The  target 
area  was  in  the  MRF  bordering  the  per i aqueduc ta 1 
gray  matter  at  the  superior  col  locular  level 
The  recording  loci  of  single  neuron  discharge  and 
stereotactic  radio  frequency  lesion  wt  re  13"16  mm 
posterior  to  the  midpoint  of  the  AC-PC  line  and 
5 08  mm  below  the  AC-PC  line.  The  laterality  of 
the  target  was  measured  from  the  center  of  th« 
aqueduct,  ranging  from  5"8  mm  from  the  midline. 
Single  neuron  analysis  of  MRF  investigated  in 
four  patients  with  intractible  pain  during  RMR  re- 
vealed the  following:  abrupt  change  of  background 
noise  on  entering  the  reticular  formation,  firing 
of  neurons  mostly  composed  of  small  cells;  bi- 
lateral projection  from  the  periphery  with  wide 
receptive  fields;  and  a predomi nance  of  delayed 
firing  in  response  to  peripheral  pinprick  stim- 
ulation. The  unit  latency  of  these  nociceptive 
neurons  was  classified  into  three  groups:  in  the 
range  of  less  than  250  msec  (early  response  type); 
in  the  range  of  400-800  msec  (intermediate  type), 
and  in  the  range  of  more  than  1,000  msec  (delayed 
response  type).  Electrical  stimulation  of  MRF 
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(VIC  V,  60  Hz , I msec  pulse  width)  produced  pain 
sensation  mainly  In  the  face  hut  also  in  the  trunk 
and  extremities  con t ra lateral  to  the  side  of  stim- 
ulation. This  sensory  phenomenon  by  electrical 
stimulation  was  seen  when  the  electrode  was  in 
the  reticular  formation,  more  than  5 mm  off  the 
midline  of  the  aqueduct.  When  the  stimulating 
electrode  was  more  medial  in  the  central  gray 
matter,  the  patient  expressed  fear  sensation  and 
experienced  a burning  sensation  of  the  entire  body 
rather  than  pain.  A small  radio  frequency  lesion 
in  the  MRF  (approx i ma te 1 y 2 by  3 mm)  produced 
marked  relief  of  pain.  The  stereotactic  lesion 
is  considered  to  be  in  the  rostral  MRF , lateral 
to  fasciculus  Foreli  dorsolateral i s and  dorsolateral 
to  the  central  tegmental  tract  and  medial  longi- 
tudinal fasciculus.  A small  radio  frequency  lesion 
in  MRF  has  therapeutic  significance  in  the 
treatment  of  intractable  pain  by  making  stereotac t 1 c 
intervention  in  the  dividing  /one  of  the  ascending 
extralemni seal  system  at  the  midbrain  into  two 
different  pathways,  one  being  the  projection  to 
the  posterior  thalamus  as  d I scr imi nat i ve  pain  or 
pain  as  sensation  and  the  other  to  the  limbic  emo- 
tional brain  as  motivational  pain  or  pain  as  suf- 
fering. 


606b  THE  EFFECTS  ON  CARDIAC  PACEMAKERS  OF 

IONIZING  RAD! AT  ION  AND  ELECTROMAGNETIC 
INTERFERENCE  FROM  RADIOTHERAPY  MACHINES.  AV.\  1 
Marba*.h,  j R (Radiotherapy  Service,  Veterans 
Admin  Hosp. , 2002  Holcombe  Blvd.,  Houston,  TX 
77211),  Meoz  Mendez,  R.  T.,  Huffman,  J.  K. ; Hud- 
gins, P T.;  Almond,  P.  R.  In:  / RcM.i* 

: : W 4(11/12)  1056*1058;  1978.  (2  refs) 

Four  demand- type  pacemakers  were  exposed  to  elec- 
tromagnetic fields  associated  with  two  betatron 
units  and  three  linear  acce I erators . The  pace- 
makers tested  were  the  medtronlcs  Mode  I s 5944  and 
5950.  the  Cardiac  Pacemakers  Model  0S02  Minilith, 
and  the  Intermedics  Mode  I C-MOS  I.  To  simulate 
patient  implant  conditions,  the  pacers  were  placed 
in  a 0.2£  saline  bath  and  fastened  loosely  to  a 
block  of  lucite  with  a rubber  band.  The  water 
temperature  was  maintained  between  31  and  37  C 
since  pulse  rates  vary  with  temperature.  In  each 
instance,  from  1-2. 5 cm  of  saline  covered  the 
pacer  With  the  exception  of  the  Medtronics  5960 
unit,  which  appeared  to  function  normally  in  a 
Siemens  electron  beam,  all  the  pacers  failed  under 
both  betatron  units.  Failure  was  due  to  either 
loss  of  inhibit  function,  which  is  believed  to  be 
caused  by  the  magnetic  field  of  the  machine,  or 
erratic  output,  which  is  believed  to  be  caused  by 
the  electric  field  from  the  beam  injector.  AM  of 
the  pacers  functioned  normally  under  exposure  to 
the  three  linear  accelerators  with  the  exception 
of  the  Minilith  0502 , which  failed  comp  1 e te 1 y while 
under  an  ARC0  8 beam.  It  also  failed  when  the 
pacer  was  located  out  of  the  beam  toward  the  machine 
gantry.  In  each  case  where  failure  from  electro- 
magnetic interference  was  encountered,  the  pacers 
returned  to  normal  function  immediately  after  the 
electromagnetic  fields  were  removed.  It  Is  con 
eluded  that  the  use  of  betatrons  should  be  avoided 
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in  patients  who  have  implanted  cardiac  pacemakers. 
When  linear  accelerators  are  used,  each  case  should 
be  considered  individually  since  variations  t r om 
one  therapy  unit  to  another  can  play  a very  impor- 
tant role  in  the  type  of  interference  exerted  on 
the  pacemaker. 


b06’  MItROWAVl  INTERROGATION  OF  DIELECTRIC 

TARGETS.  PART  I.  BY  SCATTERING  PARAM 
ETERS.  *V,.  ' Larsen,  L.  E.  (Dept.  Microwave 
Res.,  Walter  Reed  Army  Inst.  Res.,  Washington,  DC 
20012);  Jacobi,  J.  H.  AW  Phytt  5(6)  : 500-508.  1978. 
(51  re  f s) 

A system  for  the  generation  of  microwave  image**  from 
homogeneous  and  he terogeneous  dielectric  targets 
is  described.  The  microwave  imaging  system  is 
based  on  automatic  microwave  network  analysis  for 
scattering  parameters  using  launched  radiation. 

Sma  I 1 dielectric  targets  may  be  imaged  in  water- 
dominated  environments  with  dielectrically  loaded 
and  matched  transmitting  and  receiving  antennas. 
Targets  on  the  order  of  1 cm  may  be  imaged  with 
radiation  of  free  space  wavelength  on  the  order 
of  10  cm  by  this  technique.  Geometrical  fidelity 
can  be  retained  in  the  near  field  for  simple  tar- 
qets  when  multipath  is  well  controlled.  Sma  1 1 
physical  aperture*  improve  spatial  resolution. 

The  method  is  sensitive  to  changes  of  the  inner- 
most dielectric  in  multilayered  targets.  The 
method  ma\  be  generalized  to  three-d i mens i ona 1 
analysis,  which  does  not  require  prior  knowledge 
of  propagators  (in  contrast  with  Fourier  transform 
ho lography ) . The  radiation  levels  necessary  for 
such  interrogation  in  biomedical  targets  are  well 
below  the  present  ANSI  C95  advisory  standard. 


b068  MICROWAVE  INTERROGATION  OF  DIELECTRIC. 

TARGETS.  PART  II:  BY  MICROWAVE  TIME 
DELAY  SPECTROSCOPY.  > Jacobi.  J.  H.  (Dept. 

Microwave  Res.,  Walter  Reed  Army  Inst.  Res.,  Wash- 
ington, DC  20012);  Larsen,  L.  E.  AV\:  ; 5(61  : 

509-513;  1978.  (8  refs) 

A microwave  time  delay  spec t romet ry  (MTD$)  system 
that  provides  unambiguous  information  for  a wide 
range  of  time  delays  and  provides  d i scr imi nat ion 
between  multiple  paths  whose  differential  propa- 
gation time  is  quite  small  is  described.  The  data 
from  this  MTDS  system  do  not  become  ambiguous 
until  the  total  propagation  time  is  equivalent  to 
that  of  over  1,400  miles  in  tree  space.  This  is 
clearly  adequate  for  biologically  relevant  targets. 
Additionally,  the  system  as  it  exists  is  capable 
of  discriminating  between  two  ray  paths  whose  dif- 
ferential time  delay  Is  on  the  order  of  100  pico- 
sec . This  differential  delay  corresponds  to  a 
differential  path  length  in  the  brain  on  the  order 
of  6 mm.  In  muscle,  this  would  correspond  to 
about  4.5  ran.  It  has  been  further  demonstrated 
that  the  success  of  such  an  imaging  system  depends 
critically  on  the  physical  aperture  of  the  inter- 
rogating antennas.  As  aperture  size  Increases,  the 
inability  of  the  target  to  occlude  the  direct  ray 
path  renders  the  system  insensitive  to  small  tar- 
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gets  and  is  thus  of  diminished  value.  The  water- 
loaded  antennas  do  have  small  enough  apertures 
that,  when  operating  in  the  near  field,  propagation 
time  may  be  measured  over  a region  consistent  with 
an  imaging  application.  This  approach  offers  prom- 
ise for  further  development  to  allow  later  tomo- 
graphic reconstruction  by  allowing  multipath  dis- 
crimination. It  Is  clear  that  the  MTDS  system  has 
much  to  offer  in  solving  the  temporal  and  spatial 
averaging  problems  encountered  by  the  single-frequency 
continuous  wave  measurement  systems. 


6069  STEREOTACTIC  RADIOFREQUENCY  HYPOPHYS- 

ECTOMY.  (Eng.)  Zervas,  N.  T.  (Dept. 
Neurological  Surgery,  Massachuset t s General  Hosp., 
Boston,  MA  0211  A);  Hamlin,  H.  Avpl  Neu^ophys: 
‘*1(1/4):  219-222;  1978.  (6  refs)‘ 

The  use  of  stereotactic  radio  frequency  (RF  vpo- 
physectomy  for  the  treatment  of  various  disoruers 
is  discussed.  The  RF  procedure  uses  the  precise 
Todd-Wells  cephalic  instrument  to  direct  a plas- 
tic-sheathed electrode  (1.7  mm  in  diameter)  con- 
taining a thermocouple  within  its  tip  intrasellar 
through  either  nasal  cavity.  The  electrode  slides 
inside  a fitted  cannula  that  has  a side  outlet  at 
its  active  end  that  permits  extrusion  of  a stain- 
less steel  spring  into  a 90  degree  arc  from  its 
axis.  The  RF  current  is  used  to  induce  heat  with- 
in a 4-6  mm  length  of  tissue  around  a curved  spring 
that  ultimately  forms  a coalescent  sequence  of 
elipsoid  destructions.  The  parameters  of  the  RF 
procedure  are  a frequency  of  1 Hz,  a current  of 
100-300  mA,  and  a voltage  of  20-50  V.  Each  heat 
spot  is  generated  by  maintaining  the  electrode  tip 
at  80-85  C for  60-120  sec.  The  technical  steps 
must  be  performed  in  sequence  and  with  detail  to 
provide  safety  while  achieving  maximal  inactivation 
of  the  adenohypophysis.  Among  a recent  series  of 
100  successive  patients  treated  with  the  RF  tech- 
nique, cerebrospinal  fluid  leakage  developed  only 
once  and  was  successfully  countered  by  6 days  of 
regulated  lumbar  spinal  drainage.  There  was  no 
instance  of  visual  or  oculomotor  deficit.  Overall 


6070  ELECTRICAL  SPINAL  CORD  STIMULATION  FOR 

SPASTIC  MOVEMENT  DISORDERS.  (Ena.)  Sieg- 
fried, J.  (Dept.  Neurology,  Univ.  Zurich,  Zurich, 
Swi tzer 1 and) ; Krainick,  J.-U.;  Haas,  H.;  Adorjani , 
C.;  Meyer,  M.;  Thoden,  U.  Ap:  1 ’.surophysio'  41 
(1/4):  134-141;  1978.  (12  refs) 

The  results  of  using  electrical  spinal  cord  stimu- 
lation for  the  treatment  of  10  patients  (8  men  and 
2 women;  ages,  32-61  yr)  with  various  spastic  dis- 
orders are  reported.  The  H reflex  was  conditioned 
by  a dorsal  column  stimulus  train  (1-300  msec,  70 
Hz  and  0.2  msec  impulse  duration).  In  all  patients 
stimulation  of  the  cord  elicited  paresthesias  in 
the  implanted  cervical  or  thoracic  segment  and, 
with  higher  intensities,  in  both  legs  or  in  all 
four  extremities.  Shortly  after  a few  minutes  of 
stimulation,  the  patients  reported  a decrease  in 
the  feeling  of  muscular  stiffness.  Neurologic  ex- 
amination confirmed  this  decrease  of  hyper ton i c i ty 
for  periods  ranging  from  1-12  hr.  The  best  results 
were  observed  in  cases  of  multiple  sclerosis  (six 
patients).  Two  cases  of  spastic  paraplegia  as  well 
as  a case  of  vascular  lesion  of  the  cord  were 
moderately  improved.  A pos t- t raumat i c patient  with 
an  almost  complete  interruption  of  the  cord  at  the 
C5  level  showed  very  little  improvement  of  a very 
severe  tetraspast ici ty.  The  physiologic  mechanisms 
of  dorsal  cord  stimulation  on  spasticity  are  not 
yet  determined  since  it  is  not  known  what  is  being 
stimulated. 


6071  BEHAVIORAL  EFFECTS  OF  MICROWAVE  IRRADI- 

ATION ON  SQUIRREL  MONKEY  (SA3HHI  SCTl'REVS) 
PERFORMANCE  OF  A REPEATED  ACQUISITION  TASK.  (Eng. ) 
Nelson,  T.  D.  (Naval  Aerospace  Medical  Res.  Lab., 
Pensacola,  FL  32508).  18  p p. ; 1978.  [available 

through  National  Technical  Information  Service, 
Springfield,  VA  22161,  Document  No.  AD  A055  953/ 

4GA] . (9  refs) 

The  effects  of  pulsed  microwave  irradiation  on  the 
acquisition  of  new  behaviors  were  studied  in  six 
individually  caged  male  squirrel  monkeys  (Saimiri 
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operative  mortality  was  less  than  1$.  Among  1 1 6 
cases  of  diabetic  retinopathy  treated  by  the  RF 
technique,  80$  achieved  lasting  improvement  or  sta- 
bilization of  vision,  and  many  have  lived  beyond 
10  yr.  The  largest  group  of  patients  treated  by 
the  RF  technique  comprised  metastatic  breast  cancer 
patients,  with  the  usual  candidate  having  skeletal 
and  often  multiorgan  metastases  as  well  as  being 
pos tmenopausa 1 , ovar i ectomi zed , estrogen-androgen 
responsive,  and  recently  reactive  to  an  estradiol 
receptor  test.  Success  (1-3  yr  survival)  was  ob- 
tained in  approximately  55$  of  these  patients. 

Many  patients  achieved  rapid  pain  relief.  The  RF 
procedure  has  also  been  applied  in  several  cases 
of  active  acromegaly  due  to  small  subd i aphragmat ic 
tumors  and  also  in  a few  craniopharyng iomas . Ap- 
proximately 80-85$  of  all  patients  tested  showed 
significantly  diminished  levels  of  growth  hormone 
production.  The  RF  procedure  is  not  suitable  for 
larger  tumors  or  for  isolated  microadenoma,  which 


sciureus)  using  a repeated  acquisition  task.  For 
30-mi n periods  the  monkeys  were  repeatedly  exposed 
to  5-62-GHz  microwaves  pulsed  at  a repetition  rate 
of  600/sec.  Pulse  widths  were  0.5  wsec  at  an 
average  incident  power  density  of  11  mW/cnr  and 
2 psec  at  43  and  53  mW/cnv  . A waveguide  connected 
to  a standard  gain  horn  was  used  to  irradiate  the 
monkey's  ventral  surface  while  it  was  restrained 
in  an  upright  seated  position  in  a Styrofoam  re- 
straint chair.  Response  acquisition  was  impaired 
following  30  min  of  exposure  to  an  incident  power 
density  of  53  mW/cm2  but  not  to  11  or  43  mW/cnv  . 

A mean  increase  of  1.9  C in  rectal  temperature 
above  control  levels  accompanied  the  oehavioral 
effects  observed  in  monkeys  irradiated  at  a power 
density  of  53  mW/cm2.  No  such  effects  were  ob- 
served without  concomitant  hyperthermia.  These 
effects  were  transitory,  and  no  evidence  of  irre- 
versible impairment  of  learning  ability  was  ob- 
served. The  threshold  power  density  necessary  to 
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tween  45  and  50  mW/cm*  . This  value  compares  to 
an  estimated  threshold  for  behavioral  effects  in 
the  squirrel  monkey  of  between  40  and  50  mW/cm* 
for  60  min  of  exposure  to  continuous  wave  2,450- 
MHz  microwaves.  The  results  of  this  experiment 
were  compatible  with  the  hypothesis  that  behavioral 
changes  were  directly  related  to  hyperthermia  in 
the  monkey. 


6072  EFFECTS  OF  INTERSTITIAL  IRRADIATION  ALONE, 

OR  IN  COMBINATION  WITH  LOCALIZED  HYPER- 
THERMIA ON  THE  RESPONSE  OF  A MOUSE  MAMMARY  TUMOR. 

Miller,  R.  C.  (Div.  Radiation  Oncology, 
Dept.  Radiology,  Univ.  Arizona  Health  Sciences 
Center,  Tucson,  AZ  S5724) ; Leith,  J.  T. ; Veomett, 

R.  C.;  Gerner,  E.  W.  JR.:d:\:i  Res  V-  19(3): 
175-180;  1978.  (20  refs) 

The  effects  of  interstitial  irradiation  ( ‘radium) 
alone  or  in  combination  with  localized  radio  fre- 
quency (500  kHz)  hyperthermia  on  the  growth  of  a 
t ranspl an  table  mammary  sarcoma  (EMTt)  in  the  mouse 
were  i nvest igated . For  irradiation,  tumors  about 
45  mm-  in  volume  were  implanted  with  two  3~cm  long 
needles  containing  **6radium;  computerized  dosi- 
metry calculations  indicated  that  the  tumor  was 
enclosed  by  an  isodose  curve  of  about  40  rad/hr  at 
its  periphery.  For  combined  hyperthermic  treat- 
ments, the  implanted  radium  needles  were  used  as 
electrodes  for  radio  frequency  heating  (43  C for 
1 hr).  Localized  hyperthermia  in  combination  with 
interstitial  irradiation  resulted  in  a tumor  volume 
reduction  of  more  than  60$  by  4 days  after  the 
initiation  of  treatment,  whereas  either  hyperthermia 
or  irradiation  alone  resulted  in  only  a 20$  reduc- 
tion in  tumor  volume.  Overall,  there  was  a large 
killing  effect  on  hypoxic  and  nutritionally  ie- 
prived  cells,  leading  to  rapid  cytolysis  and  a 
marked  decrease  in  tumor  volume  that  occurred  as 
early  as  1 day  after  combined  hyperthermia  and 
interstitial  irradiation  was  initiated.  Since  the 
cell  yield  per  milligram  of  tumor  showed  no  dif- 
f r ence  for  either  treatment,  while  the  tumor 
Volume  was  reduced  by  up  to  60$  for  the  combined 
treatment,  it  is  concluded  that  the  actual  cell 
survival  must  have  been  greatly  reduced  after 
combined  treatment  compared  to  irradiation  alone. 

The  implication  is  that  a large  percentage  of 
hypoxic  cells  are  preferentially  removed  by  the 
combined  modality  treatment.  It  is  concluded  that 
these  initial  results  provide  a rationale  for 
the  use  of  hyperthermia  combined  with  interstitial 
irradiation  in  the  treatment  of  human  cancers, 
particularly  those  of  the  head  and  neck. 


6073  MICROWAVE- INDUCED  INJURIOUS  EFFECTS  ON 

THE  HUMAN-EMBRYO  IN  UTER0.  Sng.)  Nee- 
lakantaswamy , P.  S.  (Electronics  Section,  Sch. 
Applied  Sciences,  Univ.  Science  Malaysia,  Minden, 
Penang,  Malaysia).  Bioned  Tt\*h  23(11):  263-26°; 
1978.  (17  refs) 

A damage-risk  criterion  is  established  for  the 
growing  human-embryo  in  utero  that  is  exposed  to 
microwave  radiation.  Based  on  assumptions  dealing 


with  changes  in  oxygen  consumption  in  the  intra- 
uterine region  that  is  susceptible  to  microwave- 
induced  damage,  the  relative  time  of  failure  tor 
different  stages  of  gestation  is  maChemat i ca 1 ly 
evaluated.  It  is  evident  that  the  risk  of  damage 
is  more  significant  for  the  early  stages  of  fetal 
growth.  The  dependency  of  oxygen  consumption  on 
mi crowave- i nduced  thermal  processes  in  thr  fetus 
is  established  and  quantified  in  terms  of  a fatal 
factor  As  a measure  of  the  hazard  involved,  a 
term  "lethality"  is  defined  and  evaluated  in  terms 
of  deterministic  parameters.  Thus,  the  concepts 
of  risk  and  damage  are  given  concrete  numeric 
expressions  that  can  be  extended  to  other  suscep- 
tible parts  of  the  body  that  are  subjected  to 
microwave  irradiation. 


6074  MICROWAVE  DIELECTRIC  RELAXATION  OF  AQUEOUS 

SOLUTIONS  OF  DEXTRAN.  . Del  bos.  G. 

(Laboratoire  d'Optique  U1 1 ra-Her  tz  i enne , Llniversite 
de  Bordeaux  1,  3 1 cours  de  la  Liberation,  33**0£' 
Talence  Cedex,  France);  Bottreau,  A.-M.;  Marzat, 

C.;  Salefran,  J.-L.  ; .w  13(11:  69 -75. 

1978.  (5  refs) 

Microwave  dielectric  re  axation  of  aqueous  solu- 
tions of  T 110  dextran  (average  molecular  weight 
of  1.1  x 10’)  was  studied.  Measurements  were  per- 
formed at  the  following  frequencies.  3.62s, 

15-350,  and  35.250  GHz.  A resonant  cavity  vthod 
was  used  at  the  first  three  f requeue i es , while  an 
interferometric  method  was  used  at  3s. 250  GHz 
The  concentrations  of  the  aqueous  dextran  solutions 
were  50,  100,  200,  300  and  400  g/1.  Measur e *H*nt s 
were  carried  out  at  different  temperatures  between 
10  and  60  C.  A two  "Debye"  dev  >mposition  did  not 
provide  good  agreement  between  experimental  results 
and  calculated  values.  However,  good  agreement 
between  exper ! menta 1 results  and  calculated  values 
was  obtained  using  the  Cole -Co  It*  model  with  a dis- 
tribution of  relaxation  times.  The  relaxation  time 
distribution  increased  with  concent  rat  ion  and  tem- 
perature. It  is  concluded  that  the  dielectric  re- 
laxation of  dextran' s aqueous  solutions  appears  to 
be  due  only  to  the  water,  which  is  modified  by 
dextran . 


6075  SPINAL  CORD  STEREOTACTIC  TECHNIQUES  RE 

TRIGEMINAL  NUCLE0T0M>  AND  E XTRALE MN I SCAl 
MYEL0T0MV.  ;>»  . Schvarcz.  J.  R.  I Inst.  Neuro- 

surgery, Sch  Medicine,  Univ.  Buenos  Aires.  Buenos 
Aires,  Argentina).  41 (l  4) 

112;  1978.  (53  refs) 

The  use  of  spinal  cord  stereotactic  techniques  for 
relieving  various  types  of  pain  is  reported. 

Radio  frequence,  -esions  were  p'aced  either  at  the 
spinal  trigeminal  nucleus  (stereotact ic  trigeminal 
nucleotomy)  or  at  the  central  cord  region  (stereo- 
tactic ext ra lemn i sea  1 myelotomy)  to  interrupt  pre- 
ferential Is  mu! t i synapt i c nonspecific  pathways. 

A total  of  104  stereotact  is  trigeminal  nuc leotomies 
were  performed  on  100  patients.  Among  48  patients 
with  central  pain  from  benign  conditions,  aboli- 
tion of  hyperpathia  and  marked  reduction  or  disap- 
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pearance  of  deep  background  pain  was  achieved  in 
87.5 $ of  those  with  postherpetic  neuralgias,  in  57% 
of  those  with  anesthesiae  dolorosa,  and  in  72%  of 
th  _e  with  dysesthesic  conditions.  The  follow-up 
period  ranged  from  0 . 5” 5 * 5 y r.  Another  21  patients 
had  idiopathic  facial  neuralgias;  however,  at  this 
time,  percutaneous  t he rmocon trolled  differential 
rhizotomy  seems  to  be  the  procedure  of  choice  for 
idiopathic  trigeminal  neuralgia.  Among  31  patients 
with  pain  from  malignancies,  satisfactory  pain 
relief  was  obtained  in  83-8%  of  the  cases  after 
trigeminal  nucleotomy,  with  the  follow-up  period 
ranging  from  2-30  mo.  A total  of  78  myelotomies 
were  performed  on  75  patients.  Among  14  patients 
with  pain  of  central  origin  from  benign  conditions 
(4  causalgias,  A postherpetic  neuralgias,  3 brach- 
ial plexus  avulsions,  and  3 spinal  cord  lesions), 
abolition  of  hyperpathia  and  d i sappearance  or 
marked  reduction  in  deep  background  pain  was 
achieved  in  64!fc  of  the  cases.  The  follow-up  period 
ranged  from  0.5-4  yr.  Ext ra 1 emn i sea  1 myelotomy 
was  also  performed  in  61  patients  with  pain  re- 
lated to  neoplasms;  42  had  lower  body,  midline, 
and/or  bilateral  pain  (mostly  from  rectal  or  cer- 
vical carcinomas)  and  19  patients  had  unilateral 
upper  body  pain  (mostly  from  lung  carcinomas  with 
respiratory  inadequacy).  Satisfactory  pain  relief 
was  obtained  in  78%  of  the  cases.  The  follow-up 
time  ranged  from  0.5-24  mo,  but  81%  of  the  patients 
died  within  the  first  6 mo.  There  were  no  lasting 
side  effects  associated  with  the  stereotactic 
technique. 


6076  IONIC  FACTORS  IN  RELEASE  OF  45Ca2+  FROM 

CHICKEN  CEREBRAL  TISSUE  BY  ELECTROMAGNETIC 
FIELDS.  (Eng.)  Bawin,  S.  M.  (Brain  Res.  Inst., 
Univ.  California,  Los  Angeles,  CA  90024);  Adey,  W. 

R. ; Sabbot,  I.  M.  Ppoc  Natl  Acad  Sai  75(12):  6314- 
6318;  1978.  (36  refs) 

The  effect  of  radio  frequency  stimulation  (ampli- 
tude modulated  at  brain  wave  frequencies)  on  radio- 
labeled  calcium*2  (Ca*2)  efflux  from  isolated  chicken 
cerebral  tissue  was  investigated.  All  irradiations 
were  performed  for  20  min  in  a 450-MHz  horn  radia- 
tor. The  radio  frequency  generator  was  sinusoidally 
amplitude-modulated  at  16  Hz.  The  incident  field 
on  the  tissue  was  0.75  mW/cm2  in  most  cases.  Radio 
frequency  stimulation  increased  Ca+2  efflux  from 
cerebral  tissue,  and  the  response  was  not  sensitive 
to  variations  in  the  calcium  concentration  (0-4.16 
mmolar  [mM])  in  the  bathing  solution.  The  radio 
frequency- induced  Ca*2  efflux  was  inhibited  in  the 
absence  of  normal  bicarbonate  levels  (2.4  mM) . 

When  the  pH  of  the  test  solution  was  lowered  from 
7.6  to  6.8  by  the  addition  of  0.108  mM  hydrogen 
chloride,  the  radio  frequency- i nduced  Ca+2  efflux 
was  enhanced.  The  presence  of  0.5  mM  lanthanum 
chloride  in  bicarbonate-f ree  solution  restored 
electrical  responsiveness  but  the  stimulus  de- 
creased (by  7%)  rather  than  increased  the  efflux 
of  Ca+2 ; there  was  also  a significant  increase  in 
the  bra i n- to-ef f 1 ux  ratio  (4.33  ± 0.17)  in  compar- 
ison with  controls  in  bicarbonate-free  medium 
(3.75  - 0.12).  The  lanthanum- i nduced  decreases 
in  electrically  stimulated  Ca*2  efflux  were  of  the 


same  order  of  magnitude  at  lanthanum  concentrations 
of  either  0.5  or  2.0  mM.  The  results  suggest  that 
low-frequency,  weak,  ext  race  1 I u 1 a r electric  grad- 
ients may  be  transduced  in  a specific  class  of 
extracellular  negative  binding  sites  normally  oc- 
cupied by  Ca+/  and  susceptible  to  competitive 
hydrogen  ion  binding. 


6077  MICROWAVE- INDUCED  HYPERTHERMIA  IN  CANCER 

TREATMENT:  APPARATUS  AND  PRELIMINARY 
RESULTS.  (Eng.)  Mendecki , J.  (Dept.  Radiotherapy, 
hontefiore  Hosp.  and  Medical  Center,  Bronx,  NY 
10467);  Friedenthal,  E.;  Botstein,  C.  Int  J Rad- 
ial Oncol  Biol  Rhys  4(11/12):  1095-1103;  1978. 

(18  refs) 

Experimental  and  clinical  studies  on  the  use  of 
microwave  radiation  (915  or  2,450  MHz)  for  inducing 
hyperthermia  (42.5-43  C)  in  cutaneous  and  subcutan- 
eous tumors  are  described.  Preliminary  experiments 
were  performed  with  various  microwave  applicators 
to  determine  the  power  required  to  raise  the  tem- 
perature of  the  irradiated  volume  to  the  desired 
threshold  of  approximately  42.5  C and  then  to 
maintain  it  at  this  level.  In  general,  a power 
density  of  about  1 W/cm2  of  tumor  surface  area 
was  necessary  to  operate  the  applicators  effectively. 
In  a pilot  experiment  using  a waveguide  applicator 
filled  with  a solid  dielectric  and  prematched 
for  muscle  tissue,  54  mice  with  mammary  adenocar- 
cinoma received  four  hyperthermia  treatments 
localized  to  the  tumor  site  (43  C,  45  min,  every 
other  day),  while  18  tumor-bearing  mice  served 
as  controls.  Complete  eradication  of  tumors  was 
achieved  in  all  of  the  treated  animals,  and  they 
showed  no  evidence  of  tumor  recurrence  over  a 
4-mo  observation  period.  All  of  the  18  controls 
died  within  4 wk  after  tumor  inoculation.  Clin- 
ical trials,  which  are  still  in  progress,  indi- 
cated that  hyperthermia  appears  to  be  beneficial 
in  the  treatment  of  basal  cell  carcinoma,  malig- 
nant melanoma,  metastatic  breast  cancer,  and  local 
recurrence  of  breast  adenocarcinoma  following  rad- 
ical mastectomy.  This  appears  to  be  especially 
true  when  hyperthermia  is  used  in  conjunction  with 
ionizing  radiation.  Based  on  heat  mapping  exper- 
iments in  both  simulated  body-cavity  geometries 
and  in  vivo  animal  measurements,  a coaxial  appli- 
cator appears  to  have  an  important  potential  for 
the  treatment  of  tumors  contained  in  body  cavities. 
The  demonstration  of  directive  heating  using  this 
type  of  applicator  makes  it  particularly  useful 
for  the  clinical  treatment  of  human  malignancies. 


6078  FREE-SPACE  ELECTRIC  FIELD  MAPPING  OF  MI- 

CROWAVE DIATHERMY  APPLICATORS.  (Eng.) 
Witters,  D.  M. , Jr.;  Kantor,  G.  (Div.  Electronic 
Products,  Bureau  Radiological  Health,  Food  and  Drug 
Admin.,  Rockville,  MD  20857).  25  pp.;  1978.  [avail- 

able through  U.S.  Dept.  HEW,  PHS,  FDA,  BRH,  Rockville, 
MD  20857,  HEW  Publication  (FDA)  No.  79-8074).  (6 

refs) 

Free-space  electric  field  maps  are  presented  for 
various  prototype  and  clinically  used  microwave 
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diathermy  applicators  that  operate  at  a frequency 
of  2.44  GH/.  Thermal  maps  describing  energy  depo- 
sition in  planar  phantoms  of  simulated  tissue  also 
a i e presented  to  fur  t Iter  confirm  the  results  of 
the  field  maps.  It  is  shown  that  the  transverse 
field  Induces  virtually  a I I of  the  heating  in  tis- 
sue and  that  the  longitudinal  01  radial  field  does 
not  contribute  s 1 gn 1 f I cant  I y to  the  heating  effect 
of  microwave  diathermy.  Parameters  for  tire  safety 
and  thermal  ef fee t i veness  of  microwave  diathermy 
applicators  are  also  presented  Leakage  of  elec 
tromagnetic  radiation  from  the  applicators  is 
higher  for  the  older  type  B,  C,  and  t free -space 
applicators  than  for  the  more  recent  Siemens  and 
I i an sco  applicators.  The  type  B applicator  is  a 
hemispherical  applicator  (IS..’ 4 cm  in  diameter) 
with  conical  feed  Type  C (12./  cm  by  I I . 4 \ cm) 
and  the  more  recent  type  E ( I / . 1 4 cm  by  IV97  cm) 
applicators  are  corner  reflectors  with  different 
T shaped  feeds.  The  Siemens  applicator  is  cir- 
cular (1b. SI  cm  In  diameter)  with  a helical  feed. 
The  Transco  applicator  (IS. 24  cm  in  diameter)  Is 
a direct  contact  applicator  that  is  positioned 
directly  on  (or  within  I cm  of)  the  tissue  to  he 
treated.  The  applicators*  effectiveness  was 
correlated  with  the  ratio  of  the  transverse  field 
to  the  longitudinal  field  at  the  aperture  center . 
Of  the  applicators  mapped,  the  type  B was  by  far 
the  least  effective  because  of  the  doughnut  shaped 
transverse  field  with  a peaked  radial  field  lo 
cated  over  the  doughnut's  center  (minimum).  The 
type  H applicator  therefore  has  a smell  value  for 
this  ratio  compared  with  the  large  value  for  the 
very  effective  Transco  applicator.  For  clinical 
use,  t fie  Transco  applicator  seems  to  be  t fie  safest 
and  iik's t effective  in  terms  of  heating  the  pres 
cribed  tissue  with  low  leakage. 


6070  LEAKAGE  IN  THE  PROXIMITY  01  MICROWAVE  01 A 

THERMY  APPLICATORS  USED  ON  HUMANS  OR  PHAN 
I0M  MOOELS.  1 Bassen , H I..  Kantor,  G . Rug- 

gera,  P Witters,  0.  M.,  Jr  (01  v.  Electronic 

Products.  Bureau  Radiologic  al  Health,  food  and  Drug 

Admin..  Rocky  I Ha,  M0  20857)  16  PP  ■ W8- 

(available  through  U.S.  Oepc  HEW.  PH S,  FP A,  EfRH , 
Rockville.  MD  20847,  HEW  Publication  (FDA)  No  /H 
80731.  (4  refs) 

Leakage  radiation  in  the  proximity  of  a 2,450  MHz 
contact  microwave  diathermy  applicator  developed 
for  BRH  by  Transco  Products,  Incorporated  was 
measured  using  various  human  anatomic  models  (phan 
toms)  and  two  human  volunteers.  The  objective  of 
t fie  study  was  to  evaluate  t fie  practicality  of  using 
phantoms  to  predict  leakage  that  would  occur  dui ing 
actual  clinical  treatment  procedures  The  human 
volunteers  were  minimally  exposed  over  I min  In 
tervals  to  low  power  (I  1.4  W of  net  power)  slm 
ulated  treatments,  while  leakage  fields  were  mapped 
over  t fie  entire  appl  i c a tor/body  interlace  surface 
from  typical  diathermy  treatments  using  the  appli- 
cator on  phantoms  oi  humans  at  low  power  levels, 
the  leakage  at  4 cm  from  the  surface  of  the  appl 1 
cator/t issue  Interface  was  extrapolated  to  effec 
t i ve  treatment  conditions  (214  W/kg  delivered  to 
the  phantom  muscle  material)  Tfie  leakage  levels 


for  the  human  back,  thigh,  and  elbow  treatments 
weie  computed  to  be  less  than  4 mW/cm  under  full- 
power  conditions.  The  leakage  for  the  forearm 
under  full  power  conditions  was  computed  to  be 
less  than  10  mW/crn*  , while  tor  the  upper  arm  a 
maximum  of  1 I . v)  mW/cnr  was  obtained.  These  results 
suggest  that  the  Transco  contact  applicator  is 
generally  appiopt  iate  for  low- leakage  back  and  thigh 
treatments  In  addition,  t fie  re  was  good  agreement 
(within  a factor  of  2)  between  virtually  all  actual 
leakage  data  (human)  and  simulated  (phantom)  treat 
merits  provided  that  t fie  appropr  iate  phantoms  weir 
used.  These  results  can  be  applied  to  t fie  promised 
BRH  microwave  diathermy  standard,  which  intention- 
ally omits  the  use  of  human  subjects  for  diathermy 
equipment  performance  testing.  it  is  concluded 
that  leakage  testing  with  appropt  late  phantoms  is 
a reasonable  means  for  minimi/ ing  unnet essars  micro- 
wave  leakage  in  clinical  conditions.  Phantom  ifat  a 
on  leakage  and  energy  deposition  for  convent ional , 
non  contact  applicators  (types  B and  f)  tevealed 
that  high  leakage  (14.4  and  44.0  mW/cm  ) would 
have  occurred  under  identical  effective  treatment 
c ond i t i ons 


6080  ASSAY  OF  NOREPINEPHRINE  AND  DOPAMINE  IN 

THE  RAI  BRAIN  AFTER  MICROWAVE  IRRADIATION 
, >'•  1 Maruvama,  Y.  (Section  Biochemical  Pftai 

mac  o logy,  Japan  Upjohn  Res  l ah  , lakasaki  . Gcnnw* 
370,  Japan)  , kusaka , M .M(|4l  160  V 

1608;  1978.  (26  rets) 

Regional  levels  of  noi epi nephr i ne  tNI ' and  dopamine 
(DM)  wen*  measured  by  higfi  pel  fomuncr  liquid  chrom 
atography  after  rat  brain  enzyme  inactivation  bv 
microwave  irradiation.  These  levels  were  compared 
with  those  in  brain*,  from  rats  that  were  decapitated 
Half  of  the  rats  sacrificed  by  murcxvave  Irradi- 
ation were  exposed  t o I . 1 kW  of  2 4S-GM/  radiation 
for  4.0  sec  (low  power),  while  the  rest  were  ex 
posed  to  4 kW  i'f  2.4b  GH/  radiation  for  1 . 4«  sec 
(high  powe 1 ) Using  140  440  g rats,  the  brain 
temperature  was  elevated  to  80  C within  4 sec  at 
1.3  kW  and  within  I 4 sec  at  4 kW  The  order  of 
Nf  regional  levels  after  microwave  irradiation  was 
In  accord  with  that  obtained  by  decapi tat  Ion.  How- 
ever , higher  levels  of  Nt  (ng  g)  were  found  in  t fie 
cerebellum  (247  * 11^  and  the  cortex  (30/  tl) 
after  high  power  irradiation  than  after  decaplta 
tic'n  (21 4 14  and  264  • 4,  respectively)  After 

low  powe r irradiation.  Nf  levels  were  reduced  in 
the  medu  1 la- pons  (387  ’ 11)  and  in  the  mldhrairi- 
thalanius  (1/2  * 12)  in  comparison  with  levels 
after  decapitation  (422  • 20  and  406  • 20.  ie 
spectlvely).  Tile  level  of  DM  was  sign!  f V ant  ly 
Increased  in  at  least  four  regions  of  the  brain 
after  microwave  Irradiation  In  comparison  with  the 
DM  level  after  decapitation  After  high  powe 1 ir 
radiation  the*  DM  levels  In  t fie  medulla  p»ns , c 01 
pus  st  1 iatum,  hippocampus,  and  cortex  (ng  gl  were* 

42  * 7.  7.08 7 * 286,  77  • 18,  and  4/1  • 41.  re 
spectlvely,  compaied  with  levels  of  24  • . 4,‘»h‘> 

• 222,  24  * T,  and  207  * 2S,  r espec t i ve I \ , after 
decapitation  After  low  powe  1 irradiation,  I'M 
levels  wer  e sign  I f I c ant  1 y Increased  In  t fie  cere 
he  1 Hun,  medulla  puis,  hi ppoc ampus , and  cortex  • 
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comparison  with  levels  for  decapitated  specimens. 
These  results  indicate  the  importance  of  rapid 
inactivation  of  brain  enzymes  in  the  study  of  re- 
gional levels  of  NE  and  DM  in  the  rat  brain. 


6081  CHRONIC  PALEOCEREBELLAR  STIMULATION  FOR 

THE  TREATMENT  OF  NEUROMUSCULAR  DISORDERS: 
FOUR  CASE  REPORT.  (Eng. ) Manrique,  M.  (Dept. 
Neurosurgery,  Clinica  Puerta  de  Hierro,  Madrid, 
Spain);  Oya,  S.;  Vaquero,  J.;  Lozano,  A.  P.;  Her- 
rero,  J.;  Bravo,  G.  Appl  Heurophueiol  4 1 ( 1 /A ) : 
237-247;  1978.  (20  refs) 

Chronic  paleocerebel tar  electrical  stimulation  was 
used  to  treat  two  patients  with  cerebral  palsy, 
one  patient  with  paraplegic  spasticity,  and  one 
with  familial  cerebellospinal  atrophic  disease. 
Paleocerebel lar  stimulation  was  performed  through 
a plate  si  1 icone-coated  mesh,  with  four  pairs  of 
platinum-disc  electrodes  affixed,  placed  anteriorly 
over  the  cerebellum  through  small  suboccipital  cran- 
iectomies. Electrode  implantation  was  performed 
bilaterally  in  two  patients  and  on  the  right  side 
in  two  patients.  Stimulation  potentials  ranging 
from  6-10  V at  a pulse  repetition  rate  of  20-180 
Hz  were  applied  on  a 15-min  on,  15-min  off  schedule 
over  periods  ranging  from  90  min  to  7 hr  daily. 

Some  improv-'-ent  was  noted  in  three  patients  treated 
with  high  frequency  stimulation  (180  Hz);  however, 
one  of  these  suffered  seizures  after  3 mo  of  chronic 
stimulation.  In  two  patients  posterior  fossa  ex- 
plorations revealed  marked  meningeal  proliferation 
surrounding  the  electrodes.  Light  and  electron 
microscopic  examinations  of  biopsies  showed  loss  of 
Purkinje  cells  and  gl iof ibri I lar  reaction.  One 
patient  with  spastic  dystonia  was  treated  with 
chronic  low  frequency  stimulation  (20  Hz)  and 
showed  negligible  improvement  after  9 mo  of  stim- 
ulation. The  results  indicate  that  chronic  cere- 
bellar stimulation  can  improve  disturbances  of 
posture  and  muscle  tone  in  some  patients.  How- 
ever, the  present  results  seem  less  successful 
than  those  reported  by  others.  Also,  such  stim- 
ulation techniques  should  be  applied  cautiously 
until  more  is  known  about  their  effects  on  the 
cerebel 1 urn. 


6082  THE  POSTEROMEDIAL  HYPOTHALAMUS  AND  PAIN, 

BEHAVIOR,  WITH  SPECIAL  REFERENCE  TO  END0- 
CRIN0L0GICAL  FINDINGS.  (Eng.)  Mayanagi,  Y.  (Dept. 
Neurosurgery,  Univ.  Tokyo,  Tokyo,  Japan);  Hori,  T.; 
Sano,  K.  Appl  Neurophysiol  **1(1/4):  223-231;  1978. 
(12  refs) 

The  results  of  using  posteromedial  hypotha 1 amotomy 
for  the  treatment  of  patients  with  aggressive  be- 
havioral disorders  and  patients  with  intractable 
pain  are  reported.  After  demonstration  of  the 
third  venticle,  a fine  concentric  bipolar  electrode 
(0.8  mm  in  outer  diameter  with  an  interpolar  dis- 
tance of  0.5  mm)  was  stereotact i ca 1 I y inserted 
through  a frontal  burr  hole  into  the  target  point, 
which  was  2 mm  below  the  mi dcommi ssura I point  and 
2 mm  lateral  from  the  wall  of  the  third  ventricle. 
High  frequency  stimulation  (50-100  Hz,  10-20  V) 


with  square  wave  pulses  of  1 msec  in  width  usually 
caused  marked  sympathetic  responses,  such  as, 
mydriasis,  elevation  of  blood  pressure,  increase 
in  pulse  rate,  or  short  respiratory  arrest  followed 
by  hyperpnea  or  tachypnea.  During  weak  stimulation, 
(10-20  Hz,  5"10  V) , patients  often  noticed  a de- 
crease in  pain.  When  good  sympathetic  responses 
were  obtained,  electrocoagulation  with  high  fre- 
quency current  was  performed  using  the  same  elec- 
trode. No  neurologic  deficit  was  found  postoper- 
atively.  Among  38  evaluable  patients  with  aggres- 
sive behavioral  disorders,  the  procedure  was  con- 
sidered to  have  been  effective  in  95%  of  the  cases, 
with  satisfactory  results  being  obtained  in  84%. 
Among  20  patients  with  intractable  pain,  complete 
or  almost  complete  pain  relief  was  achieved  in 
60%,  partial  relief  in  35%,  and  no  relief  in  5%» 

From  an  endocr i no  1 og i c viewpoint,  the  procedure 
appeared  to  activate  the  hypothalamic-hypophyseal 
axis  only  temporarily,  without  causing  any  serious 
dysfunction . 


6083  TREATMENT  OF  SPASMODIC  TORTICOLLIS  BY 
DORSAL  COLUMN  STIMULATION.  (Eng.) 
Gildenberg,  P.  L.  (Dept.  Surgery,  Div.  Neurosurgery, 
Univ.  Texas  Medical  Sch.,  6400  W.  Cullen  St.,  Hou- 
ston, TX  77030).  Appl  New'ovhysiol  41(1/4):  113" 

121 ; 1978.  (17  refs) 

The  results  of  using  an  implanted  dorsal  column 
stimulator  at  the  C 2 - 2 level  or  t ranscutaneous 
stimulation  for  the  treatment  of  20  patients  with 
spasmodic  torticollis  and  2 patients  with  dystonia 
musculorum  deformans  are  reported.  Initially  the 
response  to  transcutaneous  stimulation  was  eval- 
uated. This  involved  the  application  of  two  elec- 
trodes to  the  skin  of  the  neck,  with  the  stimula- 
tion being  controlled  by  the  patient.  A standard 
transcutaneous  stimulating  unit  was  employed;  the 
Medtronic  NeuroMod  Stimulator,  the  StimTech  EPC 
Personal  Stimulator,  and  the  Medgeneral  miniCeptor 
proved  sat i sfactory . Three  of  the  torticollic 
patients  responded  sat  1 sfactori ly  enough  to  trans- 
cutaneous stimulation  to  be  treated  by  this  method 
alone.  The  remaining  patients  were  evaluated  with 
percutaneous  electrodes  with  a wide  range  of  stim- 
ulation frequencies.  A consistent  pattern  was 
found  in  which  patients  reported  the  typical  pro- 
jection of  sensation  to  the  body  at  frequencies 
less  than  800  Hz.  As  the  stimulation  was  grad- 
ually increased  from  800  to  1,100  Hz  at  a constant 
voltage,  the  sensation  gradually  diminished  des- 
pite an  increase  in  the  total  stimulus  intensity. 

At  frequencies  above  1,100  Hz  there  was  usually 
no  sensation  at  the  same  voltage  that  caused  a 
sensation  at  lower  frequencies.  Optimal  benefit 
was  found  at  frequencies  of  1,100-1,400  Hz  even 
though  the  patient  had  no  sensation  at  that  stim- 
ulus rate.  Six  patients  with  spasmodic  torticollis 
and  one  patient  with  dystonia  musculorum  deformans 
who  were  evaluated  with  transcutaneous  and  percu- 
taneous dorsal  column  stimulation  had  permanently 
surgically  implanted  dorsal  column  stimulators 
employed  for  the  treatment  of  their  disease.  Of 
these,  one  patient  achieved  an  excellent  response, 
three  a good  response,  one  a fair  response,  and  one 
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a poor  response  based  on  improvement  of  head  posi- 
tioning, comfort,  and  decrease  in  disability.  The 
patient  with  dystonia  musculorum  deformans  had 
considerable  improvement  with  dorsal  column  stim- 
ulation but  remained  disabled.  Most  patients  found 
it  necessary  to  apply  the  stimulus  for  5_15  min 
before  obtaining  relief,  but  the  relief  frequently 
outlasted  the  stimulus  for  many  hours. 


6084  RADIOLOGICAL  HEALTH  ATTITUDES  OF  COLLEGE 

STUDENTS.  (Eng.)  Weinstein,  R.  D. 
(Program  of  Radiologic  Technology  Education,  Sch. 
Allied  Health  Sciences,  Univ.  Texas  Health  Science 
Center,  Houston,  TX  77025)  • Radiol  *t\'hnol  50(3): 
259-263;  1978.  (3  refs) 

Radiologic  health  attitudes  were  surveyed  among 
622  undergraduate  college  students  using  the  Radio- 
logical Health  Attitude  Inventory.  The  study 
sample  comprised  90'*  freshmen,  7 % sophomores,  and 
3%  juniors  and  seniors  attending  Texas  A&M  Univ- 
ersity in  the  spring  of  1976.  The  leakage  of  haz- 
ardous levels  of  radiation  from  color  television 
sets  was  considered  a problem  by  4l%  of  the  sample, 
although  54%  disagreed  that  radar  installations 
are  sources  of  harmful  radiation.  With  respect 
to  attitudes  on  consumer  products,  32%  of  the 
sample  felt  that  microwave  ovens  leak  harmful  lev- 
els of  radiation,  while  49%  disagreed  and  18%  were 
undecided.  The  results  of  this  study  indicated 
that  misconceptions  toward  radiologic  health  haz- 
ards existed  In  the  study  sample. 


6085  ELECTRICAL  STIMULATION  FOR  VOIDING  DYS- 

FUNCTION AFTER  SPINAL  CORD  INJURY.  (Eng.) 
Codec,  C.  (Urology  Services,  Hennepin  County  Medi- 
cal Center,  St.  Paul,  MN);  Cass,  A.  S.  J Vt'ol 
121(1):  73-75;  1979.  (25  refs) 

The  use  of  electrical  stimulation  of  the  anal  sphinc- 
ter in  the  management  of  incontinence  and/or  fre- 
quency of  voiding  in  spinal  cord  injury  patients  is 
reported.  Urinary  incontinence  was  present  in  IS 
of  18  patients  studied,  and  frequency  of  voiding 
was  present  in  more  than  half  of  the  patients  In 
whom  it  could  be  recorded.  The  criteria  for  selec- 
tion of  patients  with  spinal  cord  injury  for  treat- 
ment with  electrical  stimulation  of  the  pelvic 
floor  muscles  were  hyper  ref  lex i c bladder  function 
and/or  pelvic  floor  weakness  with  some  Innervation 
of  the  pelvic  floor  muscles  and  an  anal  sphincter 
pressure  Increase  of  greater  than  15  cm  of  water 
with  electrical  stimulation  of  15  V maximum.  Treat- 
ment was  either  chronic  or  acute  maximal  functional 
electrical  stimulation.  Chronic  stimulation  was 
applied  via  an  anal  plug  using  a continuous  train 
of  stimuli.  The  parameters  of  stimulation  were  a 
pulse  duration  of  I msec,  a frequency  of  20  Hz,  and 
an  amplitude  of  3"8.5  V (10-15  mA) . The  patients  were 
instructed  to  use  the  stimulator  continuously  except 
for  voiding  and  a pause  every  2 hr  to  pass  flatus. 
Acute  maximal  stimulation  was  applied  via  an  anal 
plug  and  stimulating  needle  electrodes  Inserted  Into 
the  levator  ani  muscle  to  increase  the  input  of  elec- 
trical stimulation.  The  amplitude  of  stimulation  was 


47-50  V (100-150  mA) . The  duration  of  each  acute 
maximal  application  was  15-20  min,  and  the  applica- 
tions were  repeated  4-10  times  with  2-3  days  between 
applications.  Of  11  patients  who  were  treated  with 
functional  electrical  stimulation,  ^ showed  either 
relief  or  improvement  in  their  symptoms.  Four 
patients  experienced  relief  after  periods  of  up 
to  20  mo  after  stimulation,  and  another  four  im- 
proved after  follow-up  periods  of  up  to  10  mo.  One 
patient  is  still  on  the  device  and  is  improving.  An 
Increase  in  anal  sphincter  pressure  with  functional 
electrical  stimulation  proved  to  be  a more  reliable 
criterion  than  an  increase  in  maximum  urethral 
pressure  in  the  selection  of  patients  for  the  pro- 
cedure . 


6086  C0AGULATIVE  PROPERTIES  OF  BLOOD  AND  TISSUES 

OF  THE  CARDIOVASCULAR  SYSTEM  IN  EXPOSURE 
TO  ELECTROMAGNETIC  FIELD.  ’ Kuksinskiy,  V. 

Y.  (Dept.  Normal  Physiology,  Chitinskiy  Medical 
Inst.,  Chita,  USSR).  7 pp. ; 1978.  Translated  from 
Russ  i an-- A,  u\iioL  (3)'  107“  1 10;  1978.  (avail- 

able through  National  Technical  Information  Service, 
Springfield,  VA  22161,  Document  No.  HC  A04/MF  A0 1 1 . 
(29  refs) 

The  effects  of  an  electromagnetic  field  on  the  co- 
agulative  properties  of  blood  and  tissues  of  the 
cardiovascular  system  were  examined  by  exposing 
50  albino  rats  for  20  mln/day  to  a low  frequency 
(1,000  Hz)  electromagnetic  field  of  30  V/cm  inten- 
sity for  periods  of  either  8 or  20  days.  After  the 
8-day  exposure,  the  coagulation  activity  of  the 
card iovascul ar  tissues  was  drastically  reduced. 

This  was  expressed  In  a lengthening  of  the  recal- 
cification time,  a drop  In  the  tolerance  of  plasma 
for  heparin,  and  a decrease  In  the  consumption  of 
prothrombin  under  the  influence  of  tissue  extracts. 

A rise  in  the  thromboplast 1c  and  fibrinolytic  ac- 
tivity of  the  blood  was  also  observed  after  an  8-day 
exposure.  After  the  20-day  exposure,  an  even 
greater  inactivation  of  both  tissue  and  plasma 
factors  in  coagulation  and  fibrinolysis  was  noted. 


6087  POSSIBILITY  OF  ATTENUATING  THE  ECOLOGICAL 

EFFECTS  OF  ALTERNATING  CURRENT  POWER  IINES 
AS  A RESULT  OF  NFW  DESIGNS  AND  CIRCUIT  CHANGES. 

(F*u;.  ) Postolatiy,  V.  M.  ; Putyatin,  S.  P.  (No 
affiliation  given),  pp.  1 3 _ 2 2 ; 19/8.  Translated 
front  Russian  -Ibv  Xkcid  N<xu  Mold 
Mit  Wink  (1):  73“ 79 ; 1978.  [available  through  Na- 
tional Technical  Information  Service,  Springfield, 

VA  22161,  Document  No.  HC  A04/MF  A01 1 . (7  refs) 

The  possibility  of  reducing  the  ecologic  effects  of 
single-  and  double-circuit  alternating  current 
electric  power  lines  (EPL)  by  means  of  approximating 
phases  is  theoretically  examined  In  reference  to 
the  proposed  use  of  ultrahigh  voltage  EPl  (1,150  V 
or  more)  in  the  USSR.  With  respect  to  multicircuit 
EPL,  reduction  of  interphase  and  Intercircuit  dis- 
tances is  discussed  along  with  a change  In  the 
phase  shift  of  triple-phase  voltage  systems  applied 
to  the  circuits.  It  is  shown  that  the  Intensity 
of  the  electric  field  generated  by  an  alternating 
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current  EPL  near  the  ground  surface  can  be  reduced 
without  altering  the  clearance  distance  by  10- 1 St 
for  s log le-c I rcui t , triple-phase  fpL  by  approximating 
the  phases  to  the  minimum  permissible  distance  with 
due  consideration  of  interphase  overvoltages;  the 
Intensity  of  the  electric  field  near  the  ground 
surface  can  be  reduced  by  16-46$  when  the  EPL  are 
constructed  In  the  form  of  controllable  self-com- 
pensat log  11 nes. 


6088  ELECTRIC  AND  MAGNETIC  FIELD  CALCULATIONS 

IN  SUPPORT  OF  BIRD  MIGRATION  STUDIES  AT 
THE  WISCONSIN  TEST  FACILITY.  (Eng.)  Lanera,  0. 

(I  IT  Res.  Inst.,  10  West  35th  St.,  Chicago,  IL  60616). 
19  pp. ; 19 78.  (available  through  National  Technical 
Information  Service,  Springfield,  VA  22161.  Doc- 
ument No.  AD- AOS 7 412] . (4  refs) 

Calculations  of  extremely  low  frequency  (ELF)  elec- 
tric and  magnetic  fields  along  specific  line  paths 
of  birds  at  the  Navy's  Wisconsin  Test  Facility  (WTF) 
are  presented  in  support  of  studies  on  the  possible 
effect  of  ELF  fields  on  bird  migration.  The  WTF 
consists  of  two  antenna  elements  Installed  in  a 
cross-shaped  pattern.  Each  antenna  element  is 
approx imate ly  14  miles  long  and  is  composed  of  a 
cable  suspended  from  poles  at  an  average  height  of 
30  feet  above  the  ground.  The  antenna  elements 
terminate  in  grounding  electrodes  that  consist  of 
bare,  horizontal,  buried  wires.  The  antenna  cur- 
rent may  be  as  high  as  300  A and  is  modulated  in 
the  frequency  band  of  72-8 0 Hz.  The  two  antenna 
elements  can  be  operated  independently  or  together 
in  any  phase  relationship:  Calculations  are  pre- 
sented for  the  case  of  a north-south  antenna 
operating  alone  at  a current  of  300  A and  a freq- 
uency of  76  Hz.  The  results  of  the  calculations 
are  as  expected  and  show  field  magnitudes  that  are 
highest  over  the  antenna  and  then  decrease  as  the 
distance  increases.  A few  kilometers  away  and 
beyond,  no  difference  is  observable  among  the 
fields  at  various  altitudes. 


6089  HIGH-VOLTAGE  POWER  LINES  AND  HUMAN  HEALTH. 

(Eng.)  Sulpor,  B.  (Electric  Power  Res. 
Inst.,  3412  Hill  view  Ave.,  P.0.  Box  101*12,  Palo 
Alto,  CA  94303).  Public  Util  Fovtn  103(1):  11-15; 
1979.  (0  refs) 

Studies  on  the  biologic  effects  of  high-voltage 
power  lines  are  reviewed.  Although  Soviet  studies 
have  reported  such  effects  as  listlessness,  ex- 
citability, headache,  loss  of  sex  drive,  drowsi- 
ness, and  fatigue  among  electrical  switchyard  work- 
ers, other  studies  on  substation  and  transmission 
line  workers  In  Canada,  England,  France,  West  Ger- 
many, Italy,  and  the  United  States  have  failed  to 
demonstrate  these  effects.  Animal  studies  at  the 
Veterans  Administration  Hospital  fn  Syracuse,  New 
York  have  shown  that  rats  exposed  for  30  days  to 
an  electric  field  experienced  a response  similar 
to  that  undergone  by  an  animal  or  human  suffering 
from  stress.  It  was  also  found  that  mice  exposed 
to  a vertical  electric  field  for  three  successive 
generations  were  stunted.  However,  tests  under 


way  at  Battel le  on  mice,  rats,  and  swine  as  well 
as  tests  completed  recently  at  the  University  of 
Utah  on  rats  have  tailed  to  confirm  the  above  re- 
sults. The  only  biologically  significant  and  con- 
firmed observation  of  nearly  500  tests  made  thus 
far  at  Battel le  is  that  rats,  when  given  a choice, 
spend  more  time  out  of  the  electric  field  than  in 
It  when  field  strengths  are  greater  than  IS  kV/m. 
Other  studies  have  demonstrated  that  some  plants 
are  slightly  damaged  by  electric  fields.  Field 
tests  involving  the  placement  of  shielded  and  un- 
shielded beehives  between  two  765‘kV  transmission 
towers  demonstrated  that  less  honey  was  produced 
in  unshielded  metal  hives  and  that  bees  from  these 
hives  weighed  less  than  controls.  It  was  also 
noticed  that  honeybees  on  the  outside  of  nonmetal 
unshielded  hives  stung  one  another.  This  aggres- 
sion was  attributed  to  an  electric  current  buildup 
on  these  particular  hives,  which  contained  poly- 
ethylene and  were  nonconduct  1 ve . The  I nvest i gators 
in  these  exper iments  state  that  it  is  still  too 
early  to  determine  the  significance  of  these  re- 
sul  t s . 


6090  PRELIMINARY  CLINICAL  TRIALS  OF  ELECTRO- 

PHORETIC IONIZATION  IN  THE  TREATMENT  OF 
MALIGNANT  TUMORS.  (Eng.)  Nordenstrom,  B.  (Dept. 
Diagnostic  Radiology,  Karol inska  sjukbuset,  S-104 
0!  Stockholm  60,  Sweden).  TRCi'  MrJ  S<': : i\mcer 
6(12)  • S37 ; 1978.  (2  refs) 

Local  electrophoretic  Ionization  was  used  to  treat 
seven  inoperable  lung  metastases  in  five  patients 
(ages,  20-68  yr).  Teflon  insulated  platinum 
elect  rode s (0.2  mm  thick)  with  the  distal  20  mm 
free  from  insulation  were  Implanted  percutaneous  1 y 
under  local  anesthesia.  One  electrode  was  placed 
in  the  tumor  and  one  in  the  surrounding  tissue  or 
In  a vessel  supplying  the  tumor.  A 10-  to  15-V 
direct  current  was  then  applied,  with  the  tumor 
being  electropositive.  An  Initial  current  of  5-10 
mA  was  then  Increased  gradually  to  30-40  mA,  pro- 
ducing Intensive  tissue  ionization.  The  electro- 
positive tumor  tissue  turned  into  a dry  gangrene 
surrounded  by  dlapedetic  bleeding,  thrombosis,  and 
intensive  leukocyte  attraction.  The  tissue  around 
the  electronegative  electrode  became  edematous  by 
f I el d- 1 nduced  el ect ro-osmos I s with  some  minor  tis- 
sue destruction  and  mainly  vascular  contractions. 

No  serious  complications  resulted  f rom  treatment, 
and  temporary  production  of  pneumothorax  was  easily 
managed.  Six  of  the  tumors  showed  a gradual  de- 
crease in  size  at  various  times  after  treatment. 
Although  this  form  of  treatment  seems  promising, 
the  long-term  effects  cannot  yet  be  evaluated. 


6091  THE  EFFECT  OF  HYPERTHERMIA  ON  SURVIVAL  IN 

TRANSPLANTED  LYMPHOSARCOMA.  > Mal- 

angoni,  M.  A.  (Section  Pediatric  Surgery,  Dept. 
Surgery,  Indiana  Unlv.  Sch.  Medicine,  I nd 1 anapol i s , 
IN);  Grosfeld,  J.  L.;  Cakmak,  0.;  Ballantlne,  T. 

V.  J PoJiatf  Uuiy  13(60):  740-745;  1978.  (28 

refs) 

The  effect  of  2, 4 SO -MHz  ml crowave- i nduced  hyper- 
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thermia  on  the  survival  of  C3H  mice  bearing  trans- 
planted Gardner  I ymphosarcoma  was  Investigated. 

On  day  7 after  73  mice  received  subcutaneous  in- 
jections of  1.2  x lO6,  tumor  cells,  the  animals  were 
randomly  assigned  to  one  of  four  treatment  groups. 
Group  I animals  served  as  controls  and  received 
no  treatment.  Group  II  mice  were  given  a single 
intraper I tonea 1 injection  of  cyclophosphamide  (CP) 
at  a dose  of  SO  mg/kg.  Group  III  mice  received  a 
single  dose  of  microwave  irradiation.  Group  IV 
mice  were  treated  with  both  CP  and  microwaves  at 
the  same  doses  that  were  admlni  tered  to  Groups  II 
and  III.  Microwave  treatment  was  given  for  4 min 
at  a power  of  40  W.  The  tumor  temperature  aver- 
aged 41.5  C In  both  Group  III  and  IV  animals.  Con- 
trol animals  (Group  l)  and  mice  receiving  microwave 
therapy  alone  (Group  III)  did  not  survive  the  21- 
day  experimental  period.  Group  II  mice  treated 
with  CP  only  had  a survival  rate  of  45?  (9/20 
animals).  The  survival  rate  of  mice  treated  with 
both  CP  and  microwaves  was  79?  (IS/ 19  animals); 
this  was  significantly  better  than  the  survival 
rate  of  Group  II  mice  treated  with  CP  only.  His- 
tologic evaluation  at  21  days  showed  areas  of 
central  tumor  necrosis  surrounded  by  normal  tumor. 
There  was  evidence  of  vascular  degeneration  and 
thrombosis  In  the  more  central  tumor  regions. 

Tumor  size  was  decreased  similarly  in  both  Groups 
II  and  IV  mice.  These  data  demonstrate  a synergistic 
effect  of  CP  and  mi crowave- i nduced  hyperthermia  in 
this  highly  lethal  transplanted  1 ymphosarcoma . It 
is  concluded  that  the  concomitant  use  of  hyperthermia 
and  chemotherapy  may  be  of  value  In  the  treatment 
of  certain  neoplastic  diseases. 


6092  NONTHERMAL  BIOEFFECTS  SUGGESTED  AT  2450 

MHZ.  (Encj,  ) Anonymous.  (No  affiliation 
given).  MiorouaVH8  17(12):  16,  19,  28;  1978. 

(0  refs) 

The  effects  of  2,450-MHz  microwave  radiation  on 
the  behavior  and  blood  chemistry  of  rats  were 
studied  at  the  University  of  Washington  in  Seattle 
to  rep)\catc  research  conducted  at  the  Kiev  Insti- 
tute of  Industrial  Hygiene  In  the  Soviet  Union. 
Eight  rats  (with  eight  control  animals)  were  ex- 
posed to  continuous  wave  radiation  for  7 hr/day. 

The  average  absorbed  energy  was  0.5  W/kg,  which 
was  measured  by  monitoring  Input  and  reflected  and 
transmitted  power  with  a twin-well  calorimeter. 
After  3 mo  of  irradiation,  behavior  effects  in- 
volving sensory,  physical,  and  learning  responses 
were  observed.  Adverse  effects  were  also  observed 
In  rat  blood  content.  After  1 mo  of  exposure, 
Irradiated  rats  showed  a 10-15?  decrease  In  some 
blood  enzymes.  However,  during  mo  2 and  3,  enzyme 
levels  were  normal.  Perhaps  the  most  quantitative 
change  noticed  was  an  imbalance  of  sodium  and  po- 
tassium in  the  rats'  blood.  During  the  3 mo  of 
irradiation,  sodium  levels  Increased  and  potassium 
levels  dropped.  Sodium  and  potassium  concentra- 
tions are  controlled  by  the  adrenal  glands,  and 
microscopic  observation  of  adrenal  cells  showed 
that  they  were  swollen,  which  Is  a symptom  of  ex- 
cessive sodium  production  and  sloughing  of  potas- 
sium. At  the  power  level  used  in  these  experiments 


(0.5  mW/cm* ) , temperature  changes  were  too  small 
to  measure  as  the  animal's  cooling  system  dissi- 
pates heat  before  a change  can  be  measured.  The 
researchers  in  this  study  are  not  yet  totally 
willing  to  say  that  the  above  effects  are  nonther- 
ma I , however. 


6091  EXACT  ANALYSIS  FOR  CALCULATING  HEMODYNAMIC 

PARAMETERS  IN  UNSTEADY  BLOOD  FLOW  IN  AR- 
TERIES IN  PRESENCE  OF  STATIC  MAGNFTIC  FIELD.  b\i. ) 
Kumar,  V.  (Old  f-9  Residences,  Regional  Engineering 
Coll.,  Kurushetra,  Haryana,  Pin  132119,  India). 

:'tuJ  72(1):  43-50;  1978.  (7  refs) 

An  exact  analytic  solution  in  the  closed  form  for 
calculating  hemodynamic  parameters  in  unsteady 
laminar  blood  flow  through  a straight,  rigid,  cir- 
cular artery  under  the  influence  of  a static  trans- 
verse magnetic  field  of  arbitrary  strength  is  pre- 
sented. The  blood  was  assumed  to  be  a conducting 
and  incompressible  Newtonian  liquid.  Using  the 
method  of  separation  of  variables,  the  governing 
equation  in  dimensionless  form  was  split  into 
two  ordinary  differential  equations,  one  being  of 
first  order  and  the  other  being  a second  order 
non homogeneous  differential  equation.  The  first- 
order  differential  equation  was  solved  directly, 
while  the  second  was  solved  using  the  infinite 
fourler  series.  The  other  hemodynamic  parameters 
were  also  derived  analytically  (from  the  axial 
velocity  distribution)  in  the  closed  form  without 
using  any  approx i ma t i on . Numeric  data  were  cal- 
culated for  a human  femoral  artery.  It  is  con- 
cluded that  the  quantity  of  blood  flowing  and  also 
the  shear  stress  are  reduced  with  increasing  magnetic 
fields  In  the  transverse  direction  for  a given  os- 
cillation. It  is  also  concluded  that  with  higher 
pulsation  the  total  quantity  of  flow  as  well  as 
the  shear  stress  are  decreased  for  a given  trans- 
verse magnetic  field. 


6094  DIELECTRIC  RELAXATION  OF  COLLAGEN  IN 

AQUEOUS  SOLUTIONS.  Umemura,  S. 

(Applied  Physics,  Faculty  Engineering,  Unlv.  Tokyo, 
Bunkyo-ku,  Tokyo  113,  Japan) ; Sakamoto,  M.;  Haya- 
kawa,  R.;  Wada,  Y.  Hioiwlyrift'*  1 8 ( 1 ) : 25-34;  1979. 
(20  refs) 

The  dielectric  relaxation  of  collagen  In  aqueous 
solutions  was  studied.  The  complex  dielectric 
constant  of  collagen  in  aqueous  solutions  at  a pol- 
ymer concentration  (Cp)  of  0.02-0.2'!  was  measured 
at  a temperature  of  10  C In  the  frequency  range  of 
3 Hz-30  kHz.  The  dielectric  loss  peak  for  a Cp  of 
0.02?  was  located  at  90  Hz,  and  the  dielectric 
relaxation  t iroe  (DRT)  was  estimated  to  be  1.8  * 

0.3  msec.  This  DRT  agreed  well  with  the  rotational 
relaxation  time  estimated  from  the  reduced  viscosity, 
and  the  relaxation  was  ascribed  to  the  end-over-end 
rotation  of  the  molecule.  The  Cp  dependence  of  DRT 
and  the  dielectric  increment  (Dl)  were  Interpreted 
in  terms  of  the  aggregation  of  molecules.  The 
dipole  moment  of  a molecule,  obtained  from  Dl  at  a 
Cp  of  0.02!  and  a pH  of  6.5  was  calculated  to  be 
equal  to  5.2  ♦ 0.2  x 10**  times  the  rotational  dif- 
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t us  ion  constant . This  was  explained  by  the  asym- 
metrical distribution  of  the  ionized  side  chains 
of  the  molecule. 


6095  CEREBELLAR  STIMULATION  FOR  EPILEPSY  AND 

CEREBRAL  PALSY.  (Etui.)  Anonymous.  (No 
affiliation  given).  Uru'o t ?(&I03):  1790;  1978. 

(2  refs) 

The  use  of  chronic  cerebellar  stimulation  (CCS) 
for  the  treatment  of  epilepsy  and  cerebral  palsy  is 
discussed.  The  usual  procedure  is  to  place  silicon- 
mesh  plates,  bearing  platinum  electrodes,  bilater- 
ally on  the  anterior  and  posterior  lobes  of  the 
cerebellum.  The  operation  is  done  under  general 
anesthesia  via  3**cm  (diameter)  craniectomies; 
subcutaneous  leads  pass  to  a subcutaneously  im- 
planted receiver  that  is  activated  by  a radio 
frequency  signal  from  a power  pack  carried  by  the 
patient.  The  best  position  and  number  of  electrodes 
and  the  best  type  of  pulse  have  still  to  be  deter- 
mined. Also,  the  current  required  to  elicit  neuro- 
physiologic evidence  of  inhibition  varies  between 
patients,  and  too  much  current  may  worsen  symptoms. 
Data  on  32  patients  (ages,  14-56  yr)  with  epilepsy 
(length  of  illness,  3-49  yr)  who  were  followed  up 
for  13-53  mo  after  treatment  with  CCS  indicate  that 
l8  patients  had  a good  clinical  response  (at  least 
50T.  reduction  of  seizures).  Nine  patients  were 
therapeutic  failures,  but  none  was  made  neurolog- 
ically  worse  by  the  procedure.  Experience  with  CCS 
in  141  patients  with  cerebral  palsy  (ages,  7*55 
yr)  indicated  moderate  to  marked  overall  improvement 
in  46^  and  mild  Improvement  in  391.  Cerebellar 
biopsy  specimens  were  taken  at  operation  from  30 
of  the  173  patients  comprising  both  of  the  above 
groups,  and  3 patients  were  autopsied.  As  in 
animals,  the  stimulating  electrode  produced  a lim- 
ited lesion  without  fibrosis;  however , there  was 
no  evidence  of  serious  harm  from  CCS.  It  is  con- 
cluded that  electrical  stimulation  of  the  t ore- 
bell  urn  or  spinal  cord  is  the  only  really  promising 
approach  In  patients  with  cerebral  palsy.  In  cases 
of  epilepsy.  It  is  possible  that  cerebellar  stim- 
ulation will  now  save  some  patients  from  ablative 
surgery. 


6096  AUTO-ELECTROTHERAPY  IN  NERVE  LESIONS. 

(Fng*  1 Cugola,  L.  (Orthopedic  Clinic, 
Unlv.  Verona,  Verona,  Italy);  Tarolll,  G.  H.vui 
10(3) : 279-282;  1978.  (0  refs) 

A portable  auto-electrotherapy  generator  designed 
for  the  treatment  of  upper  limb  nerve  Injuries  Is 
described.  The  device  Is  battery  operated  and 
automat  1 ca 1 1 y generates  Impulses  at  3_60  sec  Inter- 
vals. The  intensity  of  the  electrical  impulses  can 
be  varied  from  1-10  mA,  and  the  Impulse  duration  Is 
about  30  msec.  The  device  can  be  used  with  either 
a brush  stimulator,  which  the  patient  applies  to 
pre-established  points,  for  providing  selective 
therapy  to  muscles  requiring  intensive  treatment 
or  with  a glove  embedded  with  electrodes  for  the 
simultaneous  stimulation  of  many  muscles  or  muscle 
groups.  Three  possible  patterns  of  stimulation  can 


be  achieved.  The  first  involves  stimulation  of  t he 
intrinsic  muscles  (using  two  plates,  one  in  t ho 
palm  for  the  lumbrlcals  and  the  other  on  the  back 
of  the  hand  for  the  interossei  and  thumb  adductor) 
plus  stimulation  of  the  thenar  and  hypo thenar 
muscles  by  plates  on  t be  respective  eminences. 

The  second  stimulation  pattern  involves  stimulation 
of  the  extensors  using  three  plates.  One  is  placed 
on  the  proximal  third  of  the  forearm  for  the  radial 
extensors  of  the  wrist  and  the  c ommon  digital 
extensors.  A second  is  placed  on  the  middle  third 
for  tin*  ulnar  extensors,  and  a third  is  placed  over 
the  distal  third  for  the  thumb  abductors  and  ex- 
tensors. The  third  stimulation  pattern  involves 
stimulation  of  the  wrist  and  hand  flexors.  Three 
plates  are  used;  one  for  the  brachioradl a II s , a 
second  for  the  radial  wrist  flexors,  pronator  teres, 
and  flexor  carpi  ulnaris  (both  placed  in  the  prox- 
imal third  of  the  front  of  the  forearm),  and  a 
third  plate  in  the  distal  third  for  the  flexor 
pollicls  longus  and  digital  flexors.  The  device 
can  be  used  either  for  nerve  Injuries  using  a 
reduced  number  of  plates  or  for  multiple  injuries 
when  the  maximum  number  of  plates  is  used. 


60S / ARE  MICROWAVES  HARMLESS?  ,Vv.  ’ Anony- 

mous. (No  affiliation  given)  %h:.\  ■ 

S::uu  :fur  1:  96(5 0)  : 982-983;  19/8.  (0  refs) 

Studies  concerning  the  thermal  and  non-thermal 
biologic  effects  of  microwaves  on  microorganisms 
conducted  at  the  Max-Planck  Institute  of  Solids 
Research  are  reported.  The  microwave  energy  ab- 
sorbed h>  mi ctoorgan i sms  and  their  components  is 
being  measured  using  highly  sophisticated  methods. 

The  effects  of  microwave  radiation  on  10  consecutive 
generations  of  yeast  cell  cultures  are  being  studied. 
There  is  as  yet  no  scientific  evidence  of  the  non- 
t henna  I e f f ec t of  m i c rowave s . 


6098  THE  RADIATION  SAftTY  OF  MICROWAVE  OVENS. 

\«  t . ’ Anonymous.  (No  affiliation  given). 
.Ye.:'  vak.:  122(50)  1978;  1978.  (0  refs) 

The  radiation  leakage  from  microwave  ovens  is  gen- 
erally not  hazardous.  The  maximum  permissible 
leakage  radiation  intensity,  measured  at  5 cm  dis- 
tance, is  set  at  5 mW/cm  in  the  Netherlands,  but 
new  ovens  with  a radiation  intensity  exceeding  1 
mW/cm-  cannot  be  sold  because  the  radiation  inten- 
sity is  believed  (o  Increase  Jar  in g the  use  of  the 
oven . 


6099  PROTECTION  Of  SUBSCRtBIRS  AND  WIRED 

RADIO-RE l AY  INSTALLATIONS  f ROM  DANGEROUS 
VOLTAGES  AND  CURRINTS  OCCURRING  ON  RADIO-RELAY  NET 
WORK  LINES.  . y*ut,  ' USSR  Central  Scientific  Res. 

I ns i . Commun I ca t i ons . ( No  a f f 1 1 i a 1 i on  g i ven ) 

18  pp . ; 19//.  (available  through  National  Technical 
Information  Service,  Springfield,  VA  27lbl,  Document 
No  AD- AOS 2 550 ) . (0  ret  si 

Standards  tor  the  protection  ot  subscribers  and 
wiled  radio-relay  i ns  t a I I a t i ons  f 1 i*n  dangerous  vol 
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tayes  and  current*  occurring  on  radio-relay  network 
(RRN)  lines  in  the  USSR  are  presented.  These  stand- 
ards were  promulgated  by  decree  of  the  Committee 
on  Standards,  Measures,  and  Measuring  Instruments 
of  the  Council  of  Ministers  USSR  on  July  25,  1969. 
The  period  of  the  introduction  of  these  standards 
is  established  from  January  1,  1970.  Specific 
standards  are  provided  for  the  following:  the 
protection  of  radio-relay  equipment  connected  to 
feeder  lines  of  more  than  360  V;  the  protection  of 
equipment  with  connected  RRN  feeder  lines  of  up  to 
360  V;  the  protection  of  subscribers  and  equipment 
on  15"  and  30-V  subscriber  lines;  the  protection  of 
cable  inserts  and  loading  coils  of  RRN  overhead 
lines;  the  protection  of  apparatus  at  receiving 
antenna  inlets;  and  the  protection  at  i ntersec t ions 
of  RRN  lines  with  transmission  lines  or  with  con- 
tact wires  of  electric-powered  ground  t ranspor tat  ion 
systems. 


6100  HIGH-TENSION  ELECTRICAL  INJURY.  V*;.  » 

Anonymous.  (No  affiliation  given). 

Lancet  2(8097):  978;  1978.  (5  refs) 

The  effects  of  high-tension  electrical  shock  (usually 
11,000  V or  more)  are  discussed.  Tissue  damage  is 
largely  due  to  the  conversion  of  electrical  energy  to 
thermal  energy.  According  to  Joule's  law,  when  a 
current  passes  through  a conductor  the  power  (heat) 
is  proportional  to  the  amperage  squared  t ink's  re- 
sistance; thus,  bone  and  skin,  which  are  poor  con- 
ductors of  high  resistance,  will  very  efficiently 
convert  electrical  energy  to  thermal  energy.  This 
accounts  for  the  severe  damage  to  peri  osseous  muscles 
beneath  viable  tissue.  When  the  current  in  a high- 
tension  accident  arcs,  commonly  from  the  palm  to 
the  volar  aspect  of  the  wrist,  there  is  a voltage 
drop  absorbing  much  of  the  electrical  energy  as  the 
air  particles  become  ionized.  The  temperature  in 
such  an  arc  can  reach  4000  C,  with  burning  of  tissue 
and  ignition  of  clothing.  Thus,  tissue  damage  can 
result  from  both  the  heat  of  the  electric  arc  and 
the  flow  of  current.  Particular  attention  must  be 
paid  to  the  tissue  damage  at  the  site  of  contact. 
Immediate  decompression  by  escharotomy  and  fascio- 
tomy  must  be  followed  by  debridement  of  dead  tissue. 
Any  progressive  necrosis  of  muscle  results  from 
Infection  and  hypoxia  and  is  prevented  by  thorough 
debridement  of  all  dead  muscle,  especially  around 
bone.  Nerves  and  tendons,  even  if  apparently  not 
viable,  should  be  spared  since  some  regeneration  is 
possible  if  good  cover  is  provided  early  with  a 
skin  flap. 


6101  STUDIES  ON  THE  INTERACTION  OF  MICROWAVE 

RADIATION  WITH  CHOLINESTERASE.  (Fn$.  ) 
Olcerst,  R.  B.  (Inst.  Environmental  Medicine,  New 
York  Univ.  Medical  Center,  550  First  Ave.,  New  York, 
NY  10016).  Rabinowitz,  J.  R.  Riuiiat  Fie- 

phy e 15(3):  289-295;  1978.  (15  refs) 

The  effect  of  2.45-GHz  microwave  irradiation  on  the 
enzymatic  activity  of  the  stereospecific  protein 
acety Ichol i nesterase  in  aqueous  solution  and  in 
defibrinated  rabbit  blood  was  studied.  At  power 


densities  of  up  to  100  mW/cm*  for  uncooled  exposures 
of  30  min  and  for  a large  number  of  3~hr  cooled  ex- 
posures at  24  mW/cm* • there  was  no  significant  dif- 
ference between  irradiated  samples  of  the  purified 
enzyme  in  aqueous  solution  and  control  samples.  A 
30-min  uncooled  exposure  at  a power  density  of  125 
mW/cm  caused  a significant  drop  in  the  initial 
velocity  of  the  enzyme.  However,  in  this  experi- 
ment, the  temperature  was  allowed  to  rise  during 
irradiation  and  was  60  C after  30  min.  At  this 
temperature,  thermal  dena Curat  ion  would  cause  ir- 
reversible changes  in  the  enzyme  structure.  Micro- 
wave  radiation  of  defibrinated  rabbit  blood  had  no 
effect  on  the  total  chol i nesterase  activity  at  levels 
of  21,  34,  and  64  mW/cm*  for  both  continuous  wave 
and  square  wave  modulated  irradiation  (pulse  width, 
0.75  msec  and  0.71  pulses/msec).  In  this  series 
of  experiments,  the  heat  exchange  system  maintained 
a temperature  of  37  * 0.5  C in  both  controls  and 
irradiated  samples.  Since  changes  in  enzyme  ac- 
tivity could  be  affected  in  the  in  vivo  calcium  and 
magnesium  in  the  serum,  a similar  irradiation  pro- 
cedure was  used  to  investigate  the  release  of  bound 
calcium  and  magnesium  from  rabbit  red  blood  cells. 

No  change  in  the  levels  of  magnesium  and  calcium  in 
cell -free  serum  was  found  after  3 hr  of  irradiation 
of  defibrinated  rabbit  blood  in  a temperature  con- 
trolled system.  Overall,  these  studies  showed  no 
direct  effect  of  microwave  radiation  on  acety Ichol - 
i nesterase  ac  t i v i t > . 


6102  EFFECTS  Of  RADI  0- f Rt QUf NCY  RADIATION  ON 

INFLAMMATION.  * Liburdv.  R P. 

(Radiation  Sciences  Piv.,  USAf  Sch  Aerospace  Med- 
icine, Brooks  Air  Force  Base,  TK  ’82 3Sl 
12(21  l 79-183;  197  (19  ret  si 

The  effect  of  pretreatment  with  continuous  wave 
2b-MHz  radio  frequency  (Rf  ) radi  ^ ion  was  compat  ed 
with  that  of  warm  air  heating  (79  C)  on  inflammatory 
responses  that  were  induced  in  rats  bs  a subcutane- 
ous injection  of  sheep  red  blood  cells  (SRBi  1 into 
footpads  and  in  mice  by  tail  vein  trauma  due  to 
sequential  bleed inq.  Both  RF  radiation  (4-  ' min) 
and  warm  air  (8-12  min)  exposures  were  matched  to 
induce  an  increase  of  body  temperature  between  2 
and  4 C.  At  4 hr  after  the  injection  of  SRBC  into 
footpads  of  rats,  animals  that  were  pre treated  with 
RF  radiation  showed  an  averaged  thickness  of  footpad 
that  was  33-0'  and  45*6*  less,  respectively,  than 
those  of  warm  air- treated  and  sham- exposed  animals 
Thus,  RF  radiation  pretreatment  protected  significantly 
against  the  development  of  SRBC- induced  i nf lammat ion. 
The  white  blood  cell  counts  in  RF  pretreated  tail 
vein  traumatized  mice  remained  constant  in  contrast 
to  a leukocytosis  (7,000  cel  Is/ cm'  increasing  to 
14,000  cel  Is/ cm'  at  12  hr)  for  warm  air  and  sham 
treated  mice.  Moreover,  the*  i nf lammatory  response 
in  RF-preti eated  mice  was  accompanied  b\  a well 
defined,  transient  refractors  state  in  the  circu 
lating  white  blood  cell  population  that  was  char 
acterized  bv  a fourfold  decrease  of  lymphocytes  and 
a concomi tant  fourfold  increase  in  neutrophils. 

The  refractors  lymphopenia  contrasts  with  the  mono 
tonic  panleukocy tos i s that  was  observed  in  warm 
air-  and  sham  exposed  mice.  The  fact  that  Rf  pre 
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treatment  of  mice  resulted  in  a fourfold  increase 
of  neutrophils  at  3~6  hr  after  exposure  serves  to 
explain  the  twofold  difference  in  footpad  swelling 
that  was  observed  at  4 hr  postexposure  between 
RF-  and  sham-exposed  rats  that  were  inoculated  with 
SRBC . The  results  indicate  that  RF  radiation  can 
attenuate  an  i nf I ammatory  reaction.  This  inhibitory 
property  may  have  relevance  to  i mmunocompe tency  of 
cell -mediated  Immunity  (CMl)  since  CHI  responses 
invoke  nonspecific  inflammatory  reactions. 


6103 


Tucker,  R. 
E lectr i cal 
MN  55455)  ; 
BME-25(6) : 


TESTS  FOR  HUMAN  PERCEPTION  OF  60  Hz  MOD- 
ERATE STRENGTH  MAGNETIC  FIELDS.  (Enn.  ) 

D.  (Biophysics  Group,  200  T.N.C.E., 
Engineering,  Univ.  Minnesota,  Minneapolis, 
Schmitt,  0.  H.  I EKE  Tvans  Bictned  E>uj 
509-518;  1978.  03  refs) 


Human  subjects  were  exposed  to  60-Hz  magnetic  fields 
varying  in  field  strength  from  7 -5“ 15  G (root  mean 
square)  to  determine  if  they  could  detect  or  learn 
to  detect  by  biofeedback  training  the  presence  of 
a moderate  magnetic  field.  Preliminary  experiments 
revealed  that  some  very  perceptive  individuals  un- 
intentionally used  subtle  auxiliary  clues  to  develop 
impressive  records  of  apparent  magnetic  field  detec- 
tion. A tightly  sealed  subject  chamber  was  developed 
to  provide  extreme  isolation  against  these  clues, 
and  a large  number  of  individuals  were  tested  in 
this  system  with  computer  randomized  sequences  of 
150  trials  per  Individual.  An  analysis  of  the 
whole  exper imental  series  showed  that  each  succes- 
sive improvement  in  isolation  from  field  associated 
clues  resulted  in  lowered  perception,  until  not  even 
biofeedback  learning  could  produce  significant  per- 
ception. Neither  gradient  fields  nor  higher  strength 
fields  concentrated  about  the  subject's  head  showed 
significant  perception.  The  results  appear  to 
establish  that  these  fields  are  not  normally  sensed. 
Magnetic  headaches  that  were  experienced  by  subjects 
in  placebo  experiments  where  the  fields  were  never 
turned  on  suggest  that  many  of  these  reported  discom- 
forts may  be  Iatrogenic,  technogenic,  or  produced 
by  simple  fear  of  the  unknown. 


6104  INTRACELLULAR  HYPERTHERMIA:  SELECTIVE 

CANCER  CELL  DESTRUCTION  BY  THE  BIOPHYSICAL 
ALTERATION  OF  INTRACELLULAR  PROPERTIES.  ? 

Gordon,  R.  T.  (4936  W.  EsUS , SkoMe,  II  60077}  * 
Hines,  J.  R.;  Gordon,  D.  IFCS  Mt'd  Sci : Cancer  6 
( 10)  : 425-426;  1978.  (10  refs) 

The  use  of  electromagnetic  field- induced  i nt racel I ular 
hyperthermia  for  the  selective  destruction  of  cancer 
cells  Is  described.  Using  induced  heat  energy  after 
tumor  phaqocytosis  of  magnetically  excitable  sub- 
micron particles,  the  cancer  cell  membrane  (composed 
of  lipids  and  proteins),  which  is  an  excellent 
thermal  barrier  and  a very  poor  thermal  conductor, 
is  utilized  to  contain  the  energy  within  the  cancer 
cell,  resulting  in  the  selective  thermal  destruction 
of  cancer  cells.  Any  magnetic  or  electric  dipole 
contained,  introduced,  or  capable  of  being  produced 
by  an  external  field  can  be  used.  This  new  approach 
uses  a frequency  sufficiently  low  (450  kHz)  so  that 


there  is  virtually  no  tissue  healing  and  no  damage 
to  normal  cells;  the  heating  is  generated  intracel- 
lularly,  i.e.,  within  the  cell,  itself.  Sprague 
Dawley  rats  with  spontaneous  mammary  tumors  (adeno- 
carcinomas and  f i broadenomas ) were  injected  in  the 
tail  vein  on  3 successive  days  with  2 cm  of  a solu- 
tion that  contained  i ron-conta i n i ng  particles.  The 
entire  animal  was  exposed  to  a 450-kHz  electro- 
magnetic field  (30  kW)  for  12  min,  beginning  48  hr 
after  the  last  injection.  Electron  microscopy  and 
light  microscopy  confirmed  the  destruction  of  cancer 
Cells.  In  animals  where  the  tumor  cells  were  des- 
troyed, all  normal  tissues  were  histologically  un- 
changed including  those  containing  particles.  In 
animals  where  the  tail  injections  were  subcutaneous 
instead  of  intravenous  such  that  the  animal  did  not 
receive  any  particles  intravenously,  the  same  expo- 
sure to  the  electromagnetic  field  had  no  effect  on 
the  tumor  cells  or  on  the  normal  cells  and  tissues. 
The  selectivity  of  the  particles  for  the  cancer 
cells  in  this  method  may  be  enhanced  using  particles 
bound  with  antibodies  or  rad ioi so topes , and  localized 
magnetic  fields  may  be  applied  to  concentrate  more 
particles  in  the  tumor.  It  is  concluded  that  the 
described  method  represents  a new  effective  treatment 
of  cancer  by  i nt race  1 1 ular  alteration  of  biophysical 
properties  resulting  in  the  selective  destruction 
of  cancer  cells  without  affecting  normal  cells  and 
t i ssues . 


6105  A COMPARATIVE  STUDY  OF  THE  EFFECTS  OF  MI- 

CROWAVE RADIATION  AND  CONVENTIONAL  HEATING 
ON  THE  REPRODUCTIVE  CAPACITY  OF  :w  : : A XF'.AX.MAS- 
'h'H.  i ’ Pav,  T.  L.  (U.5.  Dept.  Health,  Education, 
and  Welfare,  Public  Health  Service,  Food  and  Drug 
Admin.,  Bureau  Radiological  Health,  5600  Fishers 
Lane,  Rockville,  MD  20857);  Andersen,  F.  A.;  Jessup, 

G.  L.,  Jr.  Sadui t 76(2);  271-282  ; 1978.  (10 

refs) 


The  effects  of  conti nuous  wave  2,450-MHz  microwave 
radiation  (dose  level,  0.644  W/g  for  10  min)  and 
conventional  water-bath  heating  (44  C)  on  the  eqq- 
laying  pattern  of  female  fruit  flies  : 

**v rv and  on  the  viability  of  eggs  produced 
were  investigated  The  temperature  of  44  C was  chosen 
to  obtain  the  same  percentage  kill  as  in  the  micro- 
wave-exposed group.  The  egg  production  of  females 
exposed  to  heat  and  females  exposed  to  microwave 
radiation  was  s i gn i f i cant  I y reduced  when  compared 
with  their  respective  sham  groups.  However,  there 
were  no  significant  differences  in  egg  production 
between  females  exposed  to  microwave  irradiation 
and  those  exposed  to  conventional  heating.  There 
was  a significant  difference  in  the  survival  of  egqs 
laid  by  both  the  heat -exposed  and  the  microwave 
irradiated  females  when  compared  to  their  respective 
sham  groups.  In  the  heat-exposed  group,  the  survival 
was  significantly  greater  than  that  of  their  shams, 
whereas  in  the  microwave- i rradiated  group,  a sig- 
nificant decrease  in  survival  was  seen  in  comparison 
with  the  respective  sham  group.  The  difference  in 
the  survival  of  eggs  laid  by  heat -exposed  and  micro- 
wave-  i rrad  i ated  females  was  statistically  significant 
(psO.OI).  Both  the  mean  number  of  eggs  produced  and 
the  mean  percentage  survival  of  eggs  laid  by  normal 
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females  mated  to  treated  males  was  not  significantly 
different  from  their  respective  sham  groups  regard- 
less of  whether  the  males  were  exposed  to  heat  or 
irradiated  with  microwaves.  It  is  concluded  that 
the  two  treatments  used  do  not  produce  results  con- 
sistent with  identical  mechanisms  of  action,  al- 
though heating  may  be  involved  in  each  case.  It 
remains  to  be  seen  if  the  reduced  survival  of  eggs 
produced  by  microwave- irradiated  females  is  due  to 
a damage  mechanism  that  is  completely  separate  from 
that  which  caused  the  increased  survival  of  eggs 
produced  by  females  exposed  to  conventional  heating. 


6106  TEMPERATURE  UNIFORMITY  IN  HYPE  RTHE  RMAl 

TUMOR  THERAPY.  (Eng. ) Harrison.  G.  H.; 
Robinson,  J.  E.;  Samaras,  G.  M.  In:  Hyperthermia 
c an  Anti  neoplastic  Treatment  Modality.  Proceedings 
of  a Sympos i ur.  Sponsored  by  Langley  See.  'enter, 

Hanr  ton , VA , an,  i bias  t e m V i pg i n ia  Med  ioa  l Soh . , 
Norfolk,  VA,  V,znuary  "8,  NASA  Conference 

Publication  No.  205*1  . pp.  27-3 2;  197#.  (6  refs) 

The  temperature  uniformity  of  mouse  mammary  tumors 
transplanted  in  the  flank  or  hind  leg  of  C 3H  mice 
was  measured  during  water  bath-  or  ml c rowave- i nduced 
hyperthermia.  Tunors  implanted  on  the  mouse  flank 
were  easily  heated  to  uniformities  within  0.1  C by 
using  water  baths.  However,  when  the  same  tumors 
were  implanted  on  the  hind  leg,  cold  spots  were 
observed  during  water  bath  heating.  Two  thermal 
profiles  taken  through  a leg  tumor  are  illustrated. 
The  tumor  was  roughly  ellipsoidal  in  shape  and  mea- 
sured 15  by  12  by  8.5  mm  along  the  three  orthogonal 
major  axes.  The  water  bath  in  which  it  was  immersed 
was  maintained  at  42.9  C.  One  profile  was  taken 
along  a line  near  the  leg  bone,  but  well  within  the 
tumor.  The  second  was  taken  about  one-third  of  the 
way  into  the  turior  on  the  side  away  from  the  bone. 

The  profile  showed  marked  temperature  variations, 
with  temperatures  measured  being  as  low  as  41.6  and 
42.2  C for  the  thermal  scans  near  and  away  from  the 
bone.  To  overcome  this  cold  spot  problem,  heating 
was  performed  with  combined  2,450-MHz  microwaves  and 
a temperature-controlled  liquid  bolus  (80$  by  weight 
of  isotonic  and  saline  and  20$  by  weight  of  ethanol). 
The  tumor  was  surrounded  with  the  liquid  bolus  in 
p I ane-para 1 le 1 -s lab  geometry  and  was  irradiated  with 
pa ra 1 I e 1 -opposed  microwave  beams.  The  liquid  bolus 
was  maintained  at  42.9  C,  and  the  t imor  with  bolus 
was  irradiated  with  a microwave  power  of  22  W. 

Heating  with  combined  microwaves  and  temperature- 
controlled  liquid  bolus  significantly  improved  the 
thermal  uniformity  within  the  timor.  The  cold  spots 
observed  during  water  bath  hyperthermia  were  attrib- 
uted to  cooling  of  the  turror  by  major  blood  vessels 
near  the  tumor.  The  above  observations  might  have 
some  bearing  on  the  d i sc  re pane i es  in  biologic  hyper- 
thermia data  for  different  tunors  subjected  to 
apparently  similar  thermal  treatments.  It  is  sug- 
gested that  careful  thermal  studies  are  even  more 
important  to  thermobiology  than  good  radiation 
dosimetry  (s  to  conventional  radi ob iology . 


REARING  MICE.  THE  MEASUREMENT  OF  RODENT  PALATAL 
EXPLANTS  AS  A DEVICE  FOR  Ml ASURE  ME  NT  OF  THE  BIOLOGIC 
EFFECTS  OF  NONIONIC  RADIATION  (EMR) . >V,. 

Regel  son,  W.,  West,  B.;  DePaola,  D.  P.  hyper- 

thermia as  An*  into:  last  .’Yvjr*VRr  V.  ' ... 

\*ee  dings  •;*  a Symposium  Sr*cmst.  'red  ! ..  long  ley  hes. 
Center,  Hampton,  VA,  Eastern  \irginla  Medical 
Soh. , Norf  Ik,  VA,  c'anuatr.  : NASA  Conference 

Publication  No.  2051.  pp.  54-66.  1978.  (17  refs) 

The  combined  effects  of  pulsed  radiowave  (diapulse) 
irradiation  and  chemotherapy  on  the  lifespan  of  BDFj 
mice  injected  subcutaneously  with  l O'  Lewis  lung 
carcinoma  cells  in  the  flank  were  investigated.  The 
diapulse  generator  operated  at  a carrier  frequency  of 
27.12  MHz,  which  was  pulse  modulated  over  a frequency 
range  of  80-600  cps.  At  maximum  settings,  the  treat- 
ment unit  supplied  974  W of  i ns t ant aneous  power  with 
a 3*9$>“duty  cycle;  the  pulse  duration  of  65  csec. 

This  yielded  a highest  average  power  output  of  3$  W. 
Experiments  were  also  performed  at  a low  mean  power 
of  4 W.  Mice  receiving  cancer  chemotherapy  alone  in 
the  form  of  hydroxyurea  (HU)  had  an  increased  life- 
span (ILS)  of  22.1  over  untreated  controls.  Mice 
receiving  HU  plus  low-power  irradiation  (mean,  4 W) 
had  an  ILS  of  5.1  over  controls.  Mice  receiving 
HU  plus  high-power  irradiation  (mean,  38  Wl  had  an 
ILS  of  101.9$  over  controls.  Mice  receiving  chemo- 
therapy alone  in  the  form  of  Cytoxan  (CTX)  had  an 
ILS  of  64.1$  over  controls.  Mice  receiving  CTX  plus 
high- power  irradiation  had  a 74.1$  ILS,  and  those 
receiving  CTX  plus  low-power  irradiation  had  a 
106.6$  ILS  in  comparison  with  controls.  Mice 
receiving  a combination  of  HU  and  CTX  showed  a 
4 1.2$  decrease  in  lifespan  compared  with  untreated 
controls.  Mice  receiving  a combination  of  HU  and 
CTX  plus  low-power  irradiation  had  an  ILS  of  18 
over  untreated  controls,  and  mice  receiving  HU  and 
CTX  plus  high -power  irradiation  had  an  ILS  of  only 
1.7$  over  untreated  controls.  Overall,  simultaneous 
treatment  with  pulsed  radiowave  radiation  and  chemo- 
therapy significantly  extended  the  lifespan  of  tumor- 
bearing mice.  For  example.  In  comparison  with  non- 
treated  controls,  the  combination  of  HU  and  whole 
body  radiation  produced  a differential  enhancement 
of  longevity  depending  on  the  powei  output.  The 
combination  of  HU  and  high-power  irradiation  pro- 
duced a mean  extension  of  life  that  was  67$  greater 
than  that  for  mice  treated  with  HU  alone  Since 
the  stress  involved  in  confining  mice  to  holders  and 
subjecting  them  to  nonionic  radiation  and  chemotherapy 
produced  significant  variability  in  tumor  growth,  an 
in  vitro  system  of  quantifying  the  biologic  effects 
of  radiation  was  investigated.  Palatal  explants  tr»w 
1 4-day-old  mouse  embryos  suspended  i n tissue  culture 
were  studied  as  the  radiation  target.  However, 
technical  problems  related  to  timing  of  mouse  preq 
nancy  and  palatal  harvest  suggested  that  this  method 
of  biologic  assav  currently  has  variables  equal  to 
those  of  tumor  growth  studies  In  the  living  mouse. 


6108  FOCUSSED  MICROWAVE  RADIATION  THERAPY  FOR 

DEEP  TUMORS.  1 Eng.*  Samaras,  G.  M.; 
Robinson,  J.  E.;  Cheung,  A.  Y.;  Weinmann,  S.  F. 
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THE  COMBINED  EFFECTS  OF  PULSED  RADIATION 
(DIAPULSE)  AND  CHEMOTHERAPY  ON  TUMOR 


CURHENT  LITERATURE 


J £ tl#\  ti  Of  AtOn 
R*Jution  lit  4 J,i/*  Jit/9 


></  t f,  tron  .*  f 


Re*.  Aon ter,  ti&npton,  VA,  znJ  hdetem  . iv.j: 'k 
MeJuxtl  Foh . , V r/  I'A,  <’:nuLiry  ■' S , 

NASA  Conference  Publication  No.  2031 • pp.  67*70; 
1978.  (8  refs) 

Systems  designed  to  focus  microwave  radiation  for 
the  heating  of  deep  timers  ore  described  that  are 
based  on  the  concept  of  superposition  of  separate 
radiation  beams.  The  application  of  this  multiple- 
beam  paradigm  to  microwave  diathermy  offers  the 
potential  of  generation  and  control  of  spatio- 
tempo rally  complex  thermal  fields  deep  within  the 
body.  A prototype  system  consisting  of  two  para  I lei  - 
opposed  simulated  TEM  applicators  operating  at  2,450 
MHz  with  power  t ime -mu  1 t i p 1 exed  either  between  the 
treatment  beams  or  off  to  an  air-cooled  load  has  been 
developed.  Using  this  system  it  has  been  found  that 
the  central  axis  tissue  temperature  profile  is  para- 
bolic as  would  be  predicted  by  superposition  of 
energy  deposition  in  tissue.  In  tumor  regrowth 
studies  with  C 3H  murine  mammary  carcinomas  trans- 
planted to  the  flank  of  mice,  it  was  found  that  the 
delay  in  tumor  regrowth  following  microwave  treatment 
compares  favorably  with  the  results  obtained  in 
previous  water  bath  studies.  Currently  a program- 
mable system  (microprocessor  controlled)  is  under 
evaluation  and  software  development.  The  system  is 
capable  of  supporting  16  miniature  applicators  and 
controlling  the  output  power  of  each  applicator  while 
monitoring  forward  and  reflected  power,  temperature, 
and  physiologic  parameters.  While  currently  being 
operated  at  915  MHz,  the  control  system  is  frequency- 
independent  and  will  be  operated  at  a lower  frequency 
when  clinical  trials  commence.  The  prog rammab I e sys- 
tem is  currently  being  used  to  study  the  efficacy  of 
focussed  heating  in  a feline  brain  through  the  mea- 
surement of  electric  and  resultant  thermal  fields. 

The  major  limitation  of  microwave  diathermy  in  cancer 
thermotherapy  is  the  equipment's  ability  to  heat  deep 
tumors  and  at  the  same  time  spare  the  intervening 
tissue.  . It  the  development  of  technology  for 
focuss  e heat  to  the  tumor  site,  the  utility 

of  loc  1 «d  n ic rowave- i nduced  hyperthermia  as  an 
adjunct  t^  rad  otherapy  and  chemotherapy  in  the 
clinical  mti  igvment  of  some  cancers  should  be 
improved,  especially  in  cases  involving  malignant 
brain  tumors. 


6109  GENERAL  STATEMENT  ON  HYPERFREQUENCIES 

AND  THEIR  BIOLOGICAL  EFFECTS.  (Frc. ) 
Servantie,  B.  M.  (Hopital  d ' I ns t rue t i on  des  Armees 
Sainte-Anne,  838OO  Toulon  Naval,  France);  Klein, 
m.  J.  in:  Fffete  Piolo.jiqut's  doe  Rayonnenente  Son 
I oni 'aants—ift : li eation  of  Risque 8 Aeeo&iee.  Pro- 
ceedings of  the  Ninth  I nterna t iona I Congress  of 
the  Societe  Francaise  de  Radioprotection.  (Nain- 
v i 1 le- I es- Roches , France):  pp.  215*253;  1978. 

(102  refs) 

Literature  on  the  biologic  effects  of  microwaves 
published  since  1958  is  reviewed.  An  analysis  of 
data  in  about  fifty  papers  indicates  that  the  ter- 
minology "thermal"  and  "nonthermal"  or  "specific" 
fails  to  accurately  describe  or  differentiate  be- 
tween the  effects  of  microwave  activity.  Effects 
appear  to  be  related  rather  to  the  power  density 


(mW/cnr  ) absorbed  by  the  irradiated  bioli>gic  unit. 
Methods  of  calculating  the  absorption  of  electro- 
magnetic energy  from  a microwave  source  are  dis- 
cussed. Biologic  effects  at  the  cellular  level, 
on  the  central  nervous  system,  and  on  the  blood- 
brain  barrier  of  experimental  animals,  and  on 
humans  are  reviewed.  The  thermal  effects  of  mic- 
rowave radiation  on  biologic  tissue  have  led  to 
efforts  to  devise  therapeutic  applications  par- 
ticularly for  cancer.  Problems  of  focusing  the 
radiation  on  the  pathologic  tissue  are  not  yet 
resolved.  Finally,  the  problem  of  defining  safe 
microwave  exposure  levels  for  both  the  population 
at  large  and  workers  is  considered.  Dangerous 
levels  have  been  defined  as  less  than  1 W/cm  , 
less  than  0.1  mW/cnr  . and  about  10  mW/cm*  by 
various  national  agencies.  It  is  concluded  that 
an  ideal  system  for  defining  dangerous  exposure 
levels  has  not  yet  been  devised.  Further  research 
and  public  awareness  are  crucial. 


6110  EFFECT  OF  MICROWAVES  ON  DEVELOPMENT  OF 

GONADS  AND  ADRENAL  GLANDS  IN  THE  NEWBORN 
RAT.  1 Fro.  Maniey,  J.  (Laboratoire  dc  Physiol - 
ogie  des  Regulations,  Uni  vers ite  de  Rennes,  Rennes, 
France);  Le  Ruz , P.;  Plurien,  G.  ’*  . '"'‘'ote 

o!  Riequoe  Aeeo  *:o&.  Proceedings  of  the  Ninth  Inter- 
national Congress  of  the  Societe  Francaise  de  Radio- 
protection. (Nainvi \ le-les-Roches , France! • 
pp.  25 7-262# ; 1978.  (0  refs) 

The  effect  of  exposure  of  newborn  rats  for  15  con- 
secutive days  to  radiation  from  a radar  emitter 
(pulsed  beam  of  3 GHz  with  a horizontal  repetition 
frequency  of  500  Hz;  power  density  of  5*10  mW/cm  ! 
on  gonadal  and  adrenal  development  was  studied. 

White  Sherman  rats  born  and  ra i sed  in  laboratory 
cages  maintained  at  a temperature  of  22  * 2 C and 
exposed  to  12  hr  of  artificial  light  per  2*4  hr  were 
utilized.  Animals  were  weaned  at  21  days  and  then 
fed  on  a standard  diet.  After  sacrifice  at  age  60. 
90,  or  1*40  days,  testes  or  ovaries  and  adrenal 
glands  were  weighed  and  examined  histologically. 

No  effects  were  observed  in  rats  killed  at  age  60 
days.  Irradiated  rats  killed  at  90  days  had  testes 
that  were  reduced  in  weight  as  compared  to  controls 
(2.65  4 0.15  g compared  to  3-00  0.13  g)  as  well 

as  smaller  ovaries  (79.60  4 *4.06  mg  compared  to 
88.  *45  * *4.0*4  mg).  Exposed  rats  killed  at  1*40  da  vs 
also  had  smaller  testes  (2.79  * 0.15  g compared  to 
3.05  * 0.07  g)  and  ovaries  (7 1.22  * 6.8  mq  compared 
to  88.38  4 10.35  nig).  Histologic  examination  of 
irradiated  rats  revealed  closed  seminiferous  tubes 
and  blocked  spermatogenesis  in  testes  and  reduced 
oocyte  formation  in  ovaries.  Adrenal  glands  were 
smaller  in  irradiated  female  rats  killed  at  1*40 
days  (48.08  4 3-^5  mg  compared  to  56  4 5.70  mg), 
but  not  in  irradiated  males.  Blood  cort i costeroi ds , 
measured  after  subjecting  rats  to  stress  (3  min  of 
isolation  under  small  glass  bell),  were  increased 
in  rats  killed  at  90  days  (males:  33-23  4 3.49  0 

versus  2.87  4 2.9  •.  g , females  82.34  * 7.64  i,q  com- 
pared to  60.96  * 9.58  uq! . The  position  of  the  cage 
in  relation  to  the  radiation  source  had  a significant 
effect  on  the  reduction  in  the  weight  of  the  glands. 
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6111  EFFECT  01  MICROWAVE  RADIATION  (2.450MHz) 

ON  THE  PITUITARY-TESTICULAR  AXIS  IN  THE 
WHITE  RAT.  Dechaux,  P.  (Laboratoire  de 

Physiologic  Cellulaire,  Uni  verb i to  Claude  Bernard, 
69621  V i 1 1 eurbanne,  France);  Pelissler,  J.  P.; 

Sant  ini,  R.;  Fontanqes,  R • t* 

itU*  :;v  W'M  ’ ,"<*  t* 

4aa.  • Proceedings  of  the  Ninth  International  Con- 

gress of  the  Societe  Franca? se  do  Radioprotec t ?on . 
(Nainvl  1 le- 1 es-Roches , France)  pp.  765-769,  19^9 
(2  refs) 

The  effect  of  exposure  for  24  hr  to  microwaves 
(2,450  MHz ; industrial  band,  10  mW/cnr)  on  pitu* 
i tary  and  gonad  gland  function  of  Sprague- Daw 1 ey 
rats  was  investigated.  Rats,  aged  60  days  at  time 
of  irradiation,  were  decapitated  10  min,  3.  3.  and 
15  days  after  irradiation.  Plasma  levels  of  tes- 
tosterone and  luteinizing  hormone  (LH)  were  meas- 
ured by  radioimmunoassay  in  blood  from  killed  ani- 
mals. LH  increased  (83  * 3*2  ng/ml  compared  to  JO 
t 5-0  ng/ml;  p'0.01)  10  min  after  irradiation,  was 
the  same  as  controls  3 days  after  irradiation  (73 
f 2.5  ng/ml)  and  fell  to  less  than  control  levels 
(52  * 1.2  ng/ml  compared  to  65  * 3-0  nq/rrj  , pSft.  l) 
after  9 days.  Plasma  levels  of  testosterone  were 
significantly  increased  3 and  8 days  after  irradi- 
ation (285  * 30  ng/100  ml  compared  to  180  * 10  ng/ 

100  ml;  ps0.05  at  3 days • 630  * 100  ng/100  ml  com- 
pared to  350  ♦ 65;  p-0.1  at  8 days) . The  pituitary 
gland  was  apparently  affected  by  irradiation  directly 
since  LH  levels  rose  within  10  min;  testosterone 
levois  then  rose  by  feed-back  mechanism.  Norma) 
hormonal  equilibrium  was  reestablished  15  days  after 
i r rad i at  ion . 


6112  COMPARISON  OF  THE  EFFECT  OF  MICR0WAVFS 

ON  THE  LIPID  METABOLISM  OF  SEVERAL  MOUSE 
STRAINS.  ifVv.  ’ Dumas,  J.  C.  (Laboratoire  de 
Physlologie,  Faculte  de  Pharmacie.  II  allees  Jules- 
Guesde,  31^00  Toulouse,  France);  Laurens,  S . P)u- 
r i en , G . v ffi  . 

.V,» 2 .Vn:aanttf--i/£:  J r<\if  < * S :<« .?  Aaa  •:’«**. 
Proceedings  of  the  Ninth  International  Congress  of 
the  Societe  Francaise  de  Radi oprotect ion . (Nain- 
v i I 1 e- I es-Roches . France)  pp.  271-276;  19/8. 

(4  refs) 

A comparison  was  made  of  the  levels  of  triglycer  des 
(TRG)  in  three  types  of  mice,  CS’BI,  DBA,  and  Swiss, 
exposed  to  microwaves  at  a frequency  of  7.4SO  MHz 
for  59  hr  consecutively.  Mice  were  irradiated  In 
anechoic  chambers  measuring  2.50  x I . 50  x I . 50  m 
in  which  the  air  was  constantly  renewed.  All  mea- 
surements were  made  on  male  mice  weighing  23  * 2 
g.  Control  C57BI  mice  had  TRf,  levels  ok  1.46  • 

0.06  g/1,  control  DBA  mice  had  TRG  levels  of  1.98 
* 0.09  g/l,  and  control  Swiss  mice,  TRG  levels  of 
I . 30  I 0 11  g I A t .»  ss 

only  the  C57B1  (2.35  * 0.1 1 g/l;  62  increase)  and 
DBA  mice  (2.95  * 0.15  g/l;  49)  increase)  experienced 
significant  (psO.OO?)  increases  in  TRG  levels  The 
percentage  of  C57B1  mice  with  TRG  levels  higher 
than  the  upper  limit  of  the  controls  was  70 t . the 
cor  respond i nq  percentage  for  the  DBA  mice  was  6 7 ‘ 

At  a power  density  of  3 mW/cm  , a significant  in 


crease  in  serum  TRG  levels  was  observed  only  for 
the  C57B1  mice  (2.96  * 0.15  g/l.  43;  increase). 

The  percentage  ot  irradiated  mice  with  TRG  levels 
higher  than  the  upper  limit  of  the  controls  was 
65*  for  the  CS7BI  mice.  It  is  concluded  that,  with 
respect  to  elevation  of  TRG  levels,  different 
strains  ot  mice  vary  in  their  sensitivity  to  mic- 
rowave s , and  i nd i v i dua Is  within  the  s t r a i n may  a 1 so 
vary  i n sens i t i v i ty . 


b 11  3 EFFECT  01  MICROWAVES  ON  BACTERIA,  YEAST, 

AND  '.  rv . Dardalhon,  M. 

(Fondation  Curie,  Inst i tut  du  Radium.  Section  de 
Biologie,  26,  rue  d'Ulm,  75005  Paris,  France); 
Averbeck,  D.  Ff*\'ts  ogi-quei*  *ics  Ray  'Vus- 

V,  v.  *:  : : e.zt:i*K  , f Strut's  Aefio- 

Proceedings  of  the  Ninth  International  Con- 
gress of  the  Societe  Francaise  de  Radioprotect  ion . 
(Nainvi 1 le-les -Roches,  France):  pp.  2/9-299;  1978. 
(25  refs) 

The  effect  ot  microwaves  on  the  growth,  survival, 
and  mutation  frequency  of  various  cultures  ot  z'a- 

and  . • s l 1 and  on 

the  survival,  fertility,  and  appearance  of  mutations 
and  malformations  of  wild- type  and  melanoma  tumor- 
bearing  mutant  .•  : was  investigated.  Survival 

in  four  tvpes  of  • (wild  type,  recombinant, 
and  Uvr)  and  two  types  of  .vrvrvV  : ;»  (wild  type 
and  rad)  was  not  affected  by  exposure  to  70-75  GHz 
(power  density,  60  mW/cnr)  or  17  GHz  (50  mW  cm-  1 
for  30  min.  A decrease  in  the  growth  rate  varying 
t riim  6-  30*.  was  observed  in  the  V.  • after  3 br 
of  irradiation  of  70.5  GHz  or  73  GHz.  Mutation 
frequency  as  measured  by  reversal  of  tryptophan 
dependency  in  . ’ and  by  petite  colony  formation 

in  . •.  . *..?  was  not  increased  In  colonies  sub- 

cctcd  to  70  75  GHz  tor  30-40  min  compared  with  con- 
trols; Induction  of  mitotic  recomb inat ion  in  . 

•,  • also  was  not  changed  in  veast  exposed  to 

17  GHz  for  1-?4  hr.  showed  a slight 

increase  in  petite  colony  mutation  after  exposure 
to  a combination  of  1 hr  of  17  GHz  microwave  rad- 
iation and  30  krad  of  x-radiation.  The  V v.  : 
experiment  included  irradiation  of  eggs,  larvae, 
pupae,  and  adults.  Alter  treatment  with  17  GHz, 

60  mW/cm  for  2-3  hr  or  / 3 GHz,  100  mW/cm  for  2 
hr.  eggs,  larvae,  anil  pupae  demonstrated  only  a 
slight  decrease  in  survival,  which  was  not  statis- 
tically significant.  No  mutagenic  or  teratogenic 
effects  were  observed  There  was  a slight  decrease 
in  thi  number  ot  tumors  observed  in  the  mutants 
(2. 66- 7.1 9'.*  1 When  fe  iale  t\  e ' . irradiated 

for  16  hr  or  71  hr  with  17  GHz,  were  crossed  with 
non i r rad ia ted  males,  a significant  increase  (304) 
in  the  number  of  eggs  produced  was  observed.  Com- 
parable results  were  obtained  when  noni rradiated 
females  were  crossed  with  irradiated  males. 


A SPECIFIC  EFTFCT  0*  T Hi  PlOlOGICAl  IMPACT 
Of  MICROWAVES.  -v.  Tchao,  Y.  H. 
(Laboratoire  d'Opto  Acous to- E lec t ronlgue  de  Valen- 
i « ncs.  I ahorato > rr  associe  au  CNRS  S93?6  Valen- 
ciennes, France).  Radz i szewsk i , f..  Sauz i n-Nonnot , 

M J , Bri ancon,  C.,  Wikgren,  M .*♦  • 
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a VttyOWii ’■"*  *:  ? a V.  •:  a.**: fa--.’’f  .’  :a.t r 

or  n':  a.f’:4«-a  laavViVa.  Proceedings  ot  the  Ninth  In- 
ternational Congress  of  the  Soctete  Francaise  de 
Radioprotection.  (Na I nv i I 1 e- les-Roches , France) 
pp.  301-313;  1978.  (11  refs) 

The  biologic  effects  of  mi  c rowa ves  ( 9 , 300  mh z 1 
from  either  a continuous  power  source  of  10  W or 
frv*m  a pulsating  generator  (NARDA  model  18  500  R) 
on  the  planar  I a ZV.va  . v : were  studied. 

The  planaria  were  weighed  individually  and  classed 
in  three  groups:  3- 5*4. 4 nKj ; 4.5*5.**  mg.  5. 5-6.4 
mg.  They  were  anesthetized  with  2 . 5$  ch  lore  tone 
and  placed  on  individual  Plexiglas  supports-  Each 
planaria  was  irradiated  i nd i v 1 dua l I y . and  10  plan- 
aria  were  irradiated  for  each  aspect  of  the  exper- 
iment. The  density  of  absorbed  energy  (DAl)  was 
24  mW/mg  for  planaria  exposed  for  1 min  to  contin- 
uous wave  microwaves.  It  was  apparent  that  the 
electrical  field  was  responsible  for  the  deleterious 
effects  rather  than  the  magnetic  field  since  plan- 
aria  irradiated  parallel  to  the  electrical  field 
experienced  almost  100T  mortality  at  24  hr;  mor- 
tality was  approx ima te 1 y I0T  for  planaria  placed 
parallel  to  the  magnetic  field  Planaria  were  ex- 
posed to  a continuous  or  pulsating  wave  with  DAE 
of  1-20  mW/mg  for  periods  of  10,  20,  and  40  sec, 
and  the  head  was  then  severed.  For  both  continuous 
and  pulsating  radiation  exposure,  at  all  three  expo- 
sure periods,  mortality  was  greater  for  head  seg- 
iwnts  than  for  body  segments  indicating  the  higher 
sensitivity  of  nervous  tissue  to  microwaves.  Plan- 
aria regeneration  was  studied  in  planaria  decapi- 
tated and  then  irradiated  1-7  days  later  with  con- 
tinuous wave  microwaves  (DAE  of  5 . 5 mW/mg  for  20 
sec).  Mortality  measured  at  24  hr  and  at  7 days 
showed  a relationship  to  duration  of  time  between 
decapitation  and  irradiation  with  maximum  mortality 
at  4 days.  Cells  undergoing  differentiation  were 
more  radiosensitive  than  undl f ferent iated  cells. 


6115  PRELIMINARY  RESULTS  ON  THE  STUDY  OF  EF- 

FECTS OF  MICROWAVES  ON  THE  CENTRAL  NER- 
VOUS SYSTEM  OF  A PRIMATE  'Mr.-hVi  A/.  ._•! 1 1 . »55v.  ’ 

Klein,  M.  J.  (Centre  de  Recherches  vie  Medec  I ne 
Aeronaut  l que , 26  Boulevard  Victor,  759gp  Paris 
Armees,  France);  Milhaud,  C.  L.  T': : 5'/*/\  • t 8 

-aa  fa  V.'*:  ’a. r*» ts — *’f :‘a.: - 

of  -laa.v.’Va.  Proceedings  of  the  Ninth  In- 

ternational Congress  of  the  Societe  Francaise  vie 
Radioprotection.  (Na i nv i I le- les- Roches , France) 

PP.  315-336;  1978.  (47  refs) 

Thirteen  adult  or  young  adult  Macaque  Rhesus  monkeys 
were  studied  for  effects  on  the  central  nervous 
system  and  behavior  following  exposure  to  microwave 
Irradiation,  either  whole -body  or  localized,  of 
varying  power  density  (1.1  mW/cnr  ; 3*5  mW  vm  . IK 
mW/cm* ) . of  different  types  (9.4  GHz  from  a pulsating 
source;  2.45  GHz  from  a continuous  source)  and  of 
varying  duration  (1*25  days).  Monkey s were  exposed 
In  an  anechofc  chamber  (2  x 2 x 1.R  m)  that  was 
ventilated,  maintained  at  temperatures  of  20-24  C, 
and  lighted  12  out  of  24  hr.  The  animals  we  re  ex- 
posed to  t wo  different  sources  of  radiation:  (1) 

9.4  GHz  modulated  by  I isec  Impulses  with  a repe- 


tition frequency  of  570  Hz  delivered  by  a 250  kW 
generator  from  an  overhead  source;  and  (2)  2.45 
GHz  from  a continuous  wave  1.5*kW  generator.  Radi 
at  ion  reached  the  animals  via  a waveguide  in  the 
ceiling  of  the  chamber.  Six  monkeys  were  subjected 
to  whole-body  9. k GHz  pulsed  radiation  for  730  hr 
and  to  2.45  GHz  continuous  wave  radiation  tor  25 
days.  Two  monkeys  were  irradiated  on  the  head  only 
for  75  hr.  One  nxmkey  was  subjected  to  discontin- 
uous irradiation  of  10  mln/day  before  and  after 
wh  i c h cerebral  temperature  measurements  were  'Made. 
Five  of  this  group  of  monkeys  had  epidural  elec- 
trodes implanted  prior  to  radiation.  Visual  and 
statistical  analysis  of  e lec troencepha lograms 
taken  daily  during  a 1-hr  stoppage  of  the  genera 
tors  tailed  to  show  any  evidence  of  abnorma 1 i t I es . 
Cerebral  temperature  rose  0.5  C maximum  in  the 
monkey  irradiated  intermittently,  which  was  attrib- 
uted to  the  t he rmo res i stance  ot  the  implanted  elec 
trodes.  Spontaneous  and  operant  conditioning  be- 
havior studies  were  performed  on  tour  nionkcv  s ir- 
radiated with  2.45  GHz  for  400  hr  after  a con- 
ditioning period  of  4 mo.  Only  one  monkey  showed 
changes  in  spontaneous  behavior  with  deselopment 
of  clonic  type  uncontrolled  motor  movements  of  2*3 
sec,  which  occurred  about  lOx  day  utter  the  ammal 
had  been  irradiated  for  90  hr  Nv'  changes  in 
con  d i t i oneJ  behavior  occurred  ^20  tests'.  Nv'  changes 
' psychologic  parameters,  t»  igl veer  ides,  or  rectal 
temper u t ure  were  observed  following  irradiation. 


611b  N0NI0NI2ING  RAD  I AT  I 0NAL  INJURY  OF  HUMANS 

5s:.  . Zaret,  M.  M.  (Zaret  Foundation, 

■ H,  S ■ dal<  . ' 0!  83) 

88  • Pi  ©c  eed  1 vgs  ©f  th« 

Ninth  I n terna t i ona  1 Conv' r ess  of  the  Societe  Fran- 
caise de  Radioprotection.  (Nainvl 1 le- les-Roches , 
France)  pp.  337-356;  19?8.  (0  refs) 

Clinical  and  experimental  data  on  nonionizing 
radiation  injury  are  reviewed  with  particular 
emphas i s on  t he  i nadeguac i es  of  ex i s t i ng  hea 1 1 h 
standards.  For  both  the  visible  and  Invisible 
portions  of  the  nonionizing  radiation  spectrum , 
the  vast  majority  of  experimental  data  on  which 
regulations  have  been  based  were  derived  from 
acute  animal  research.  However,  safety  must  be 
determined  from  different  criteria,  such  as,  de 
layed  effects  following  chronic  exposure . Re- 
gu  r d i ng  t he  m \ . r owa v e pot  t * on  of  t he  non  \ on  i z i ng 
rad i a t i on  s pec t r um . there  is  c 1 i n i c a 1 ev i dene e 
to  imply  that  field  intensities  of  about  1 mW  cm* 
*.an  be  cata  actogenic  in  ain.  It  has  also  been 
hv>wi  that  microwaves  can  produce  premature  or 
abnormal  aging.  Other  conditions  related  to  miv 
rowave  exposure  Include  interference  with  cardiac 
puw'aker  function,  hvpogonad 1 sm,  angiitis,  ad- 
verse transfusion  reactions  (including  death'  due 
to  x'lysis  of  blood  warmed  by  microwaves  immed- 
iately prior  to  its  use,  and  iniury  of  the  fingers 
and  fingernails  anx'ng  food  preparation  employees 
ope  rati  ng  m i c r owa y e o ve n s Wea  k nv* g nc  t i s fields 
produced  by  ext  reme 1 y 1 ow  t \ equenc y s i gna 1 gen  - 
orators  have  been  associated  with  elevated  s.-rom 
triglyceride  levels  and  with  measurable  mentation 
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deficits.  There  are  also  a large  number  of  reports 
relating  immunologic,  teratogenic,  and  carcinogenic 
effects  to  the  microwave  portion  of  the  nonionizing 
radiation  spectrum.  Finally,  it  has  been  hypothe- 
sized that  aberrant  electronic  smog  is  an  etio- 
logic  or  contributory  factor  in  sudden- i nfant -deat h 
syndrome . 


6117  RADIOFREQUENCIES  AND  HVPE RF REQUENC I E S • 

APPLICATIONS  AND  RISKS.  Vautrin. 

(No  affiliation  given);  Caluzade;  Cavelier 
Effete  Biologiques  ies  v Y • . ■ 

Utilisation  et  Risque  a Ass.  Proceedings  of 

the  Ninth  I n ternat iona I Congress  of  the  $ lete 
Francaise  de  Radi oprotec t ion  (Na i nv i 11 e- le s-Roches , 
France):  pp.  357” 36 3 ; 1978.  (0  refs) 

The  potentially  harmful  effects  of  exposure  t > elec- 
tromagnetic radiation  in  the  high  or  hyperf requency 
range  are  reviewed  in  addition  to  the  theoretic 
aspects  of  electromagnetic  waves.  Practical  appl i 
cations  are  tabulated,  giving  frequency  in  MHz  and 
power  in  kW.  Sources  of  high  or  hyper f requency 
electromagnetic  waves  already  widely  in  use  are 
radio  and  television  t ransmi t ters , radar,  industrial 
and  medical  machinery,  and  microwave  ovens;  under 
development  are  methods  and  machinery  for  repairing 

(stuff $ , and 

e*plod»n,,  ■ ar  ' Krete.  Malfunctioning  com- 

puters ar-  t*e  a s.  ,rce  * ^-crowave  radiation.  Due 
T ■,  « k • • •.  e*  the  non  thermal  bio- 

‘ r •>  ► » - . per ( requency  electro- 

^ • - <»  , . * ,na  1 1 y acceptabl  e 

f radiation  have  not  yet 
» • ’ ■ «•  < .spares  dangerous  levels 

f • • t ho  United  States,  the 

' *•  r ••  *ers  and  the  population  at 

a .«  '•  - • non  i tor  electromagnetic 

• .«  • • described;  the  mW/cm  after 

1 hr  f ««.  - ‘.tferent  industrial  and 

domestic  > ..  - * » it  ion  is  graphed.  Limita- 


tion of  • su'i  radiation  under  10  mW/cm2  it 
recomme  led.  i- d -whods  fer  reducing  exposure, 
has  ihil  ) ntcl  very  or  personnel,  are 
desc  r i bed . 


61 ?8  MAGNETIC  FIELD  EXPOSURE  GUIDELINES. 

'Eng.)  Alpen,  E.  L.  ( Donne r Lab.,  Law- 
rence Berkeley  Lab.,  Berkeley,  CA  9*4720)  . In: 
Proeec zings  f the  Bienngneti  * Effects  Workshop, 
April  6-7$  1978.  Lawrence  Berkeley  Lab.,  Univ. 
California,  Berkeley,  CA  (LBL-7^52) : pp.  1 9-26 ; 
1978.  (3  refs) 

Sources  of  occupational  magnetic  field  exposure  and 
guidelines  for  such  exposures  are  reviewed.  Mag- 
netic fields  of  up  to  1,000  G,  which  are  accessible 
to  operators,  are  associated  with  such  old  tech- 
nologies as  indue,  on  welding,  electronic  heat- 
sealing  of  plastic  devices,  spot  welding,  induction 
furnaces,  and  other  i nduct ion-type  devices.  Among 
the  newer  technologies  that  involve  possible  haz- 
ards from  magnetic  fields  is  the  superconducting 
magnet  energy  storage  system.  The  maximum  fields 
that  will  be  accessible  to  operators  of  these  sys- 


tems will  be  on  the  order  of  200-500  G.  Data  on 
the  maximum  possible  exposure  to  persons  who  will 
be  in  maintenance  and  operating  spaces  outside  the 
control  room  of  prototype  fusion  reactors  indicate 
that  the  magnetic  fields  can  rise  as  high  as  10  kG 
with  very  large  gradients;  the  duration  can  be  quite 
long  (about  30  sec).  In  the  new  technology  of  ac- 
celerator operations,  bubble  chambers  involve  par- 
ticularly large  magnetic  fields;  operating  per- 
sonnel could  be  exposed  to  anywhere  from  6-15  kG 
for  approx i mate  I y 8-10  min.  Currently  there  are 
no  official  magnetic  field  exposure  criteria  extant 
anywhere  in  the  world.  Unofficial  standards  recom- 
mended in  the  USSR  for  homogeneous  fields  (direct 
current)  are  300  G (whole  body)  and  700  G (hands) 
and  for  gradient  fields  (direct  current)  500-2,000 
G/m  (whole  body)  and  1,000-2,000  G/m  (hands).  Mag- 
netic field  exposure  standards  are  currently  in 
use  at  two  laboratories  in  the  United  States.  At 
the  National  Accelerator  Laboratory,  the  exposure 
standard  . s 100  G to  5 kG  when  work  in  the  area  is 
minimized.  A standard  of  5-10  kG  is  set  for  whole 
body  exposure  for  up  to  I hr;  this  can  be  exceeded 
* i th  , emission  f the  Senior  Radiation  Officer. 

An  individual  who  will  be  exposed  to  a field  ex- 
ceeding 10  kG  must  have  the  approval  of  the  Senior 
Radiation  Officer.  At  the  Stanford  Linear  Ac- 
celerator facility,  the  standards  for  exposure  to 
direct  current  fields  for  extended  periods  are  200 
G for  the  whole  body  or  head  and  2,000  G for  the 
arms  and  hands.  For  short  periods  (minutes),  the 
respective  standards  for  whole  body  or  head  and  arms 
and  hands  are  2,000  G and  20,000  G.  Although  the 
current  unofficial  standards  contain  a wide  range 
of  numbers,  they  differ  only  by  about  an  order  of 
magn i tude . 


6119  EXPERIMENT  AND  THEORY  IN  LONG  RANGE  INTER- 

ACTIONS OF  ELECTROMAGNETIC  FIELDS  AT  BRAIN 
CELL  SURFACES.  Eng.)  Adey , W.  R.  (Res.  Service 
151,  Jerry  L.  Pettis  Memorial  Veterans  Admin.  Hosp.  , 
Loma  Linda.  CA  92357).  *eedi*:.:e  f :ht  Fio- 

nagnetic  Effects  Workshop 9 Apr:’  8-'’,  Law- 

rence Berkeley  Lab.,  Univ.  California,  Berkeley, 

CA  (LBL-7*452):  pp.  53-78;  1978.  (2*  refs) 

Experiments  and  theoretic  models  dealing  with  long- 
range  interactions  of  e 1 ect romagnet i c fields  at 
brain  cell  surfaces  are  reviewed.  Experiments  with 
animals  have  indicated  that  behavior  can  be  modified 
by  the  presence  of  radio  signals  that  are  made  to 
resemble,  to  some  degree,  the  brain's  own  signaling 
system.  For  example,  in  training  and  extinction 
trials  with  cats  exposed  to  lA7-MHz  radiowaves  (0.8 
mW/cnv  ) that  were  amplitude  modulated  at  a fre- 
quency of  an  electroencephalogram  rhythm  burst  in 
the  particular  brain  structure,  the  presence  of  the 
modulated  radio  frequency  field  greatly  prolonged 
the  extinction  of  a learned  response.  Experiments 
with  isolated  neonatal  chick  forebrain  have  demon- 
strated significantly  increased  calcium  efflux 
under  exposure  to  A3O-MH2  fields  amplitude  modu- 
lated at  16  Hz  when  the  incident  field  intensities 
were  in  the  range  of  0. 1-1.0  mW/cnv  . Theoretic 
models  that  address  the  question  of  cooperat i v i ty 
at  cell  membrane  surfaces  in  relation  to  the  sensing 
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of  weak  fields  are  reviewed.  One  of  the  models  ex- 
amined suggests  that  the  membrane  surface  may  he 
acting  as  a low  pass  filter  for  the  transfer  of 
thermal  noise.  It  is  suggested  that  if  one  looks 
at  the  surface  of  the  membrane  In  the  counter- Ion 
layer  (within  20-50  A of  the  surface)  it  may  in- 
deed be  functioning  as  a low  pass  filter.  In  both 
theoretic  models  and  in  actual  tests,  it  ha*  been 
shown  that  there  is  a dielectric  dispersion  with  an 
apparent  dielectric  constant  in  excess  of  10®  at 
frequencies  of  less  than  1.0  kH/  in  the  counter-ion 
layer,  indicating  that  it  is  almost  an  ideal  low 
pass  filter.  Taking  these  data  and  a specif  i\  re- 
sistance of  300  ohms /cm  for  the  brain,  it  is  cal- 
culated that  In  order  to  displace  ions  along  the 
surface,  the  transfer  function  for  the  hulk  >f 
thermal  noise  would  be  10  V/cm.  This  is  exactly 
the  figure  that  has  been  indicated  as  the  biologic 
sensitivity  in  marine  vertebrates.  This  figure  is 
also  within  an  order  of  magnitude  of  the  sensitiv- 
ity observed  for  the  mammalian  central  nervous  sys- 
tem in  extremely  low  frequency  experiments,  both 
chemically  and  behav iora I I y . Overall,  it  is  con 
eluded  that  there  are  special  structural  organi- 
zations in  the  central  nervous  system  of  all  verte- 
brates, and  particularly  the  mammal,  th.l  may  make 
them  susceptible  in  subtle  ways  to  envi rornien ta I 
electric  fields,  electromagnetic  fields,  and  to  the 
intrinsic  fields  in  brain  tissue. 
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6120  FERROMAGNETIC  ORIENTATION  IN  BACTERIA 

(MEETING  ABSTRACT)  . ' Blakemore, 

R.  (Dept.  Microbiology,  Univ.  New  Hampshire,  Dur- 
ham, NH  0382*1).  Tn:  I'l'occediiujs  'f  t)u  FL'natjurf 
Effects  Workshiip,  April  6-  ',  191*8,  Lawrence  Berke- 
ley Lab.,  Univ.  California,  Berkeley,  CA  (LBL-7^52): 
PP.  6-7;  1978.  (3  refs) 

Studies  of  ferromagnet ic  orientation  in  bacteria 
are  reviewed.  Bacteria  that  orient  and  swim  in  a 
preferred  direction  In  magnetic  fields  have  been 
observed  in  diverse  aquatic  env i ronmen t s . Electron 
microscopy  of  marine  and  freshwater  magnetic  bac- 
teria has  revealed  the  presence  of  i nt racy top lasmi c 
granules  or  crystals  arranged  in  clusters  or  chains 
and  contained  within  triple-layered  membranes.  En- 
ergy dispersive  x-ray  analysts  revealed  iron  as  the 
predominant  elemental  constituent  of  these  parti- 
cles. A species  of  magnetic  bacterium  recently 
isolated  from  a swamp  retained  its  magnetism  upon 
repeated  transfer  in  laboratory  culture  media. 

Cells  of  this  species  contained  chains  of  electron- 
dense  crystals  previously  described  as  constituents 
of  magnetic  bacteria  from  mud.  Remagnet i zat ion  of 
swimming  magnetic  bacteria  has  been  studied  using 
a critically  damped  electric  circuit  capable  of 
producing  a magnetic  field  strength  of  0-600  G in 
the  center  of  two  Helmholtz  coils.  Bacteria  were 
made  to  swim  in  a constant , uniform  magnetic  field 


ranging  from  zero  to  four  limes  that  of  the  local 
geomagnetic  field.  The  application  of  a magnetic 
pulse  of  sufficient  intensity  and  anti  para  I lei  to 
the  direction  in  which  the  bacteria  were  swimming 
caused  the  cells  to  turn  around  and  swim  in  the 
opposite  direction.  To  affect  turning  of  50!  of  a 
population  of  the  predominant  type  from  a fresh- 
water swamp,  3/‘>  **00  G was  required.  Tn  remag- 
net i ze  50  of  th«  pi  (dominant  form  from  a marine 
marsh,  525-550  G was  required.  Tracks  of  swimming 
bacteria  have  been  photographed  using  timed  ex- 
posures; the  radius  of  the  U-turn  resulting  from 
reversing  the  ambient  (orienting)  field  was  es- 
sentially the  same  as  that  resulting  from  remag - 
netizing  the  bacteria.  Moreover  , at  the  Intensity 
required  to  remagne t i ze  50V  of  the  population,  no 
cells  in  the  population  remained  complete*  I y de- 
polarized. These  rt  . alts  uqg«  t that  t he  bacteria 
orient  through  fci ronagnet i sm  and  exhibit  proper- 
ties charac:  ter  i s t i c single  magnetic  domains. 

No  experimental  ev  i l«-r  e <■  , t 1 . available  to 

explain  why  th*  cell'*  aqiwtm  vrsent  favors 
northward  and  downward  m t • ■ ■ » geomagnetic 

field. 


6121  ELECTROMAE.Nf  T 1 1 GUI  DANCE  SYSTEMS  IN 

FISHES  (MELTING  ABSTRACT).  Urj.)  Kal- 
mi  jn,  A.  J.  (Dept.  Biology,  Wood**  Hole  Oceano- 
graphic Inst.,  Woods  Holt1,  MA  025^3)  - 

. 1 f . • ' ' . rkahop,  April 

I :1\‘k  Lawrence  Berkeley  lab.,  Univ.  Cali- 
fornia, Berkeley,  CA  (LBL  - 7**5.  ) pp.  8-10,  1978. 

(12  refs) 

Electromagnetic  guidance  systems  in  fish  are  dis- 
ci.- sed.  Marine  sharks,  skates,  and  rays  are  ex- 
tremely sensitive  to  weak  elect! ic  fields  in  their 
seawater  environment.  Operating  in  the  frequency 
range  of  0 (direct  current)  to  about  8 Hz,  they  ex- 
hibit biologically  meaningful  responses  to  voltage 
gradients  as  low  as  0.01  nV/cm.  These  low-level 
electric  fields  are  detected  by  the  ampullae  of 
Loronzini,  which  comprise  a delicate  sensory  system 
in  the  protruding  snout  of  the  clasmobranch  fish. 
Freshwater  stingrays,  lower  bony  fish,  catfish, 
and  weak  1 y electric  fish  also  have  ampu I 1 ary  re - 
ceptors,  though  of  much  .mailer  size,  which  render 
them  sensitive  to  direct  current  and  1 ow- frequency 
voltage  gradients  of  I uV/cm  or  slightly  less.  The 
ampullary  receptors  of  both  marine  and  freshwater 
electrosensitive  fish  have  been  shown  to  plav  an 
important  role  in  the  detection  of  prey  and  in  spa- 
tial orientation.  When  actively  swimming  through 
the  earth's  magnetic  field,  shark.,  skates,  and  rays 
also  induce*  local  elect*  ic  fields  ot  which  the  volt- 
age gradients  depend  or*  the  fish's  compass  heading. 
Since  these  fields  are  strong  enough  to  be  detected 
at  swimming  speeds  of  only  a tew  cm/sec,  the  elas- 
mobranches  could  very  well  be  endowed  with  an  elec- 
tromagnetic compass  sense.  Sharks  and  rays  have 
been  observed  to  react  to  non -un i formi t i es  in  the 
geomagnetic  field,  to  rest  in  areas  predetermined 
by  t he  magne tic  field  direct! on , and  dur i ng  t r a i n - 
i ng  experiments  to  secure  food  from  an  enclosure  in 
the  east  but  not  to  enter  a similar  enclosure  i r* 
the  west  of  their  tank. 
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6122  EFFECTS  OF  MAGNETIC  FIELDS  ON  AVIAN  ORI- 

ENTATION (MEETING  ARSTRACT).  (Fntj.) 
Keeton,  W.  T.  (Section  Neurobiology  .ind  Behavior, 
Cornell  Univ.,  Ithaca,  NY  14853).  ' r 

of  thr  RioRkigne t to  Effeott*  Wovk&h.  •;■,  Ip*/.’  t'~ 

19/S.  Lawrence  Berkeley  Lab.,  Univ  California, 
Berkeley,  CA  (LBL-/4S2):  pp.  1113;  19/8.  (14  refs) 

Studies  on  the  effects  of  magnetic  f ields  on  avian 
and  insect  orientation  are  reviewed  Bar  magnets 
were  found  capable  of  disrupting  the  orientation 
of  mature  birds  under  overcast  skies,  though  not 
under  the  sun.  The  magnets  weir  also  observed  to 
disorient  first -flight  birds  even  when  the  sun  was 
visible.  The  orientation  of  pigeons  was  changed 
(not  merely  disrupted)  under  overcast  skies  by  at 
taching  Helmholtz  coils  around  the  birds'  heads. 

A rotated  orientation  of  migratory  restlessness  in 
birds  exposed  to  turned  magnetic  fie  Ids  in  circular 
test  cages  has  also  been  reported.  The  birds' 
sensitivity  was  limited  to  a narrow  range  of  field 
strengths  approximately  equal  to  the  geomagnetic 
field.  The  birds  paid  no  attention  to  field  polar- 
ity but  read  north  as  th.it  direction  where  the  mag- 
netic and  gravity  vectors  formed  the  most  acute 
angle.  Evideiue  that  birds  use  the  earth's  mag 
ne t i c field  to  calibrate  the  star  compass  has  also 
been  obtained.  The  dance  of  scout  honeybees  has 
been  reported  to  be  influenced  by  even  minor  natural 
fluctuations  in  the  earth's  magnetic  field,  suggest- 
ing a sensitivity  to  changes  of  less  than  1 0 * G 
and  perhaps  loss  than  10  G . Similar  sensitivity 
has  been  reported  for  gull  chicks  and  for  free 
flying  migrants.  Pigeons  also  are  influenced  by 
natural  magnetic  fluctuations  and  must  have  a si  mi 
lar  sensitivity.  Migrants  have  been  found  to  be 
influenced  by  the  weak  low-frequency  alternating 
fields  produced  by  the  test  antenna  for  the  Navy's 
proposed  Project  Seafarer.  There  is  now  abundant 
evidence  that  both  birds  and  insects  arc*  very  sen- 
sitive to  magnetic  stimuli  when  they  are  orienting. 
Whether  they  are  responsive  to  such  stimuli  under 
other  circumstances  is  not  yet  cleat. 


f>123  EFFFCTS  OF  60  HZ  ELECTROMAGNETIC  FIELDS 

ON  REFS  AND  SOU  ARTHROPODS  (MEETING  AB- 
STRACT). i.Vti.;,  I Greenberg,  B.  (Dept  Biological 
Sciences,  Univ.  Illinois  if  Chicago  Circle,  Chicago, 
1 1 60680)  t 

Kffi  >'t  ft  Wi'r*kehopt  Apvi ! t'-\  d *.*«.  Lawrence  B<  . ke- 
ley  Lab.,  Univ.  California,  Berkeley,  CA  (LBl 
M2):  p.  14;  1978.  (1  ref) 

Experiments  on  the  effects  of  60-Hz  electromagnetic 
fields  on  soil  arthropods  and  honeybees  are  report 
ed.  Population  curves  and  predator-prey  proportions 
of  soil  arthropods  exposed  to  the  Navy ' s Wisconsin 
test  facility  antenna  fields  (0.1-2.S  V/m;  less 
than  0.9  G) , which  were  monitored  annually  since 
1989,  did  not  show  any  significant  departures  from 
normal  fluctuations  observed  in  control  populations. 
Also,  no  significant  sustained  differences  In  met  a 
bollc  rate  measurements  were  noted  between  several 
species  of  soil-dwelling  animals  (earthworm,  slug, 
wood  louse,  and  r edbacked  salamander)  that  were 
collected  from  si  t «*  • near  the  antenna  and  control 
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populations.  A comparison  of  metabolic  rates  for 
tin1  summer  and  fall  months  revealed  no  seasonally- 
I i nked  change  in  sensitivity  to  t fir  electromagnetic 
fields.  Experiments  with  honeybees  In  conventional 
met a I containing  hives  under  a 76S-kV  transmission 
line  (7  kV/m , Id  G)  showed  the  f o I I ow  i ng  effects 
not  observed  in  dilrldcd  count  erpar  t s under  1 fir 
line  or  in  a control  arm  (10  V/m;  10  **  G)  : hives 
failrd  to  Incrm-r  in  weight;  individual  hers  weighed 
less;  fewer  pupae  were  produced,  moisture  con- 
tent of  honey  was  less,  and  propol i /at i on  of  hive 
entrances  was  extensive  Unshielded  metal -free 
hives  under  th«  transmission  1 in*  were  normal  ex- 
cept for  sonu  propol  i /.it  ion  of  hive  entrances, 
possibly  flight'  1 hemocyte  counts,  and  possibly  high- 
er overwintering  mortality. 


M / '»  TLM  IN  THE  PLANT  ‘\\  :A  I OR  MUTA 

GENU  l f EECTS  OF  STRONG  MAGNETIC  MELDS 
(MIMING  AP  TRACT)  Baum,  J.  W.  (Safety 

and  I nv i r onm*  1 1 a i P r < > t ec l i e ; 1 D i \ . , B rook haven  Natl. 
Lab. , Up; on , NY  I 1 1 ’ ' , \.  ha i » . r , l A . Li ndah 1 , 

K . I 

..  •«.*  . , lawieiue  Berkeley  Lab.  , 

Univ.  California,  Berkeley,  CA  ((  PL  74'*?)  : pp . 15“ 

1/;  1978.  (4  refs) 

Possible  nut  a>a  11  i < effetts  of  strong  magnetic  fields 
(20*  17,000  G)  tin  the  plant  ■ : were  inves- 

tigated.  Tfie  endpoints  tor  mutagenicity  included 
pink  s t amen  hart  mutation,  pollen  abortion,  and 
mlc*. ronuc  lei  formation  in  the  tetrad  stages  of  pollen 
production.  Results  weie  . bt a l nod  in  eight  sepa- 
rate trials.  loi  each  of  the  three  endpoints  stud- 
ied, no  Increase  in  mutation  rate  was  observed  for 
exposed  compared  to  control  plants  over  exposure 
periods  varying  from  0.9  to  b da\  *. . The  pooled 
data  indic.it ed  that  a small  but  not  highly  signif- 
icant inc  rease  of  7.7  ' 7 . 3 x 10  pink  mutat  ions 
per  hail  resulted  from  these  magnetic  field  ex- 
posures Th<"  e data  were  used  tv'  estimate'  a pos- 
sible mutation  increase'  oi  8 x 1 0 for  exposures 
to  700  G for  8 hr  (a  ccmvent  i onal  limit  for  whole 
body  exposure  at  several  1 ahora tor i es) . in  com 
pari  son,  mutat  ion  irivien.es  of  0.0I‘>  would  be 
produced  in  this  system  by  » permi  sible  daily 
dose  of  70  mill!  roentgen  eguivalents  (mrem)  of 
ionizing  radiation.  Assuming  that  linear  relations 
hold  between  field  strength,  exposure  time,  and  the 
observed  effect,  then  these  result  suggest  that  an 
8 hr/dny  exposure  to  a 40  kG  field  would  be  neces- 
sary to  produce  the  same*  (or  probnbl\  lower)  muta- 
tion freguem.y  as  a 20  mi  em  x ray  exposure. 


6125  MAGNETIC  FIELD  INTI  RAM  IONS  IN  MAN  AND 

01  HI R MAMMAL S AN  0VI  RV 1 1 W (Ml  IT  I NG  AB 

S TRACT).  t Sheppard , A.  R.  (Jerry  l.  Petti-* 

Mem*  i ial  Veteran  Hosp.,  Loma  l i nda , fA  ^7  357). 

’•  * ’ *•  ; 0 v*  *'.•*«.  '••so*.. r , 

Ip’  r , / Lawrence  Berkeley  lab.  , Univ. 

California,  Berkeley,  CA  (LBl  7457):  pp.  78  31; 

1978.  (29  refs) 

Magnetic  f i e I if  interactions  in  >,in  and  other  animals 
arc  reviewed.  Repot ts  of  magnetic  field  effects 
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cluster  about  effects  on  blood  composition,  alter- 
ations in  normal  physiologic  parameters  of  growth 
and  activity,  effects  on  the  immune  system,  altered 
neural  function,  and  altered  animal  behavior.  In- 
terest in  possible  effects  on  the  central  nervous 
system  by  weak  fields  is  stimulated  by  evidence 
that  birds  possess  a magnetic  compass,  by  several 
findings  concerning  bird  orientation  in  very  weak 
electromagnet Ic  fields,  and  by  the  extraordinary 
electric  field  sensitivity  of  certain  fish.  The 
effect  of  weak  low  frequency  electric  fields  on 
calcium  binding  in  neural  tissue  provides  a possible 
neurochemical  basis  for  these  influences.  It  is 
clear  that  humans  in  a strong  magnetic  field  (great- 
er than  100  G)  experience  excitation  of  the  visual 
pathway  (magnetic  phosphene)  in  the  form  of  the 
sensation  of  flickering,  shimmering  light  patterns. 
Swedish  scientists  have  observed  spike  trains  in 
retinal  ganglion  cells  following  exposure  to  a mag- 
netic field,  and  they  have  character i zed  a fre- 
quency dependent  threshold  for  phosphenes  in  humans. 
When  phosphenes  are  produced  under  certain  ambient 
light  conditions,  the  threshold  above  30  Hz  differs 
in  subjects  with  abnormal  color  vision,  although 
the  localization  of  phosphenes  in  the  peripheral 
visual  field  suggests  little  involvement  for  the 
color-sensitive  cone  receptors  of  the  foveal  region. 


6126  EFFECTS  OF  MAGNETIC  FIELDS  ON  BEHAVIOR 

IN  NONHUMAN  PRIMATES  (MEETING  ABSTRACT). 
(Eng,)  de  Lorge,  J.  (Naval  Aerospace  Medical  Res. 
Lab.,  Pensacola,  FL  32508).  In:  Proceeding 8 of 
the  Biomagnetic  Effects  Workshop,  April  6-?,  1078. 
Lawrence  Berkeley  Lab.,  Univ.  California,  Berkeley, 
CA  (LBL-7452):  pp.  32-33;  1978.  (5  refs) 

Studies  of  magnetic  field  effects  on  the  behavior 
of  nonhuman  primates  are  reported.  In  one  study 
three  squirrel  monkeys  ( Jaimiri  sciureua)  were  con- 
ditioned to  respond  on  a visual  vigilance  task 
and  were  subsequently  exposed  to  a direct  current 
magnetic  field  in  the  core  of  a water-cooled  Bitter 
magnet.  Responding  was  greatly  suppressed  by  fields 
of  70  kG  or  more,  and  a threshold  seemed  to  exist 
between  46  and  70  kG.  A second  experiment  in  a 
superconducting  magnet  in  which  eight  squirrel  mon- 
keys were  trained  on  several  operant  tasks  revealed 
similar  suppr  ssive  effects  at  magnetic  field 
strengths  of  up  to  97  kG . In  addition,  two  of  the 
monkeys  regurgitated  when  exposed  to  the  higher 
fields.  All  of  these  effects  were  reproducible. 
Recent  studies  using  rhesus  (Macaco  ^;<.  ' •)  and 
squirrel  monkeys  have  revealed  no  behavioral  ef- 
fects of  extremely  low  frequency  e lect romagnet i c 
fields.  Magnetic  fields  ranging  from  3"10  G and 
electric  fields  from  1-29  V/m  (root  mean  square) 
at  frequencies  of  7,  10,  15,  45,  60,  and  75  Hz  were 
used.  No  consistent  effects,  other  than  one  un- 
replicated effect  on  general  activity,  were  ob- 
served. It  is  concluded  that  reported  effects  of 
low  magnetic  fields  on  behavior  are  probably  re- 
lated to  other  uncontrolled  environmental  variables. 


Anesthesiology  and  Pathology,  Coll.  Physicians  and 
Surgeons,  Columbia  Univ.,  New  York,  NY  10032). 

In:  I'ruct  t: dingo  of  the  Biomagnetic  Effects  Workshop 
. . Lawrence  Berkeley  Lab.,  Univ. 

California,  Berkeley,  CA  (LBL-7452) : pp.  34-35; 
1978.  (I  ref) 

Possible  vascular  or  histopathologic  effects  in 
rats  exposed  to  homogeneous  magnetic  fields  pro- 
duced by  permanent  magnets  were  investigated.  Cap- 
illary circulation  in  the  mesoappendix  was  observed 
by  an  in  vivo  microscopic  technique  after  exposure 
to  500  G for  6,  12,  and  30  days.  Rats  exposed  to 
200-1,200  G for  2 9“ 3 2 days  were  sacrificed  for 
analysis  of  blood  chemistry,  body  and  organ  weights 
and  histopathologic  examination  of  vascular  tissues 
and  10  selected  organs.  The  in  vivo  capillary  cir- 
culation study  and  histopathologic  results  indi- 
cated no  hemodynamic  alterations  or  intravascular 
thrombosis  associated  with  magnetic  field  exposure. 
Hematology  revealed  no  changes  in  hematocrit,  white 
blood  cell  count,  hemoglobin  level,  or  coagulation 
time  in  exposed  rats.  Except  for  nonpatholog i c 
congestion  of  the  spleen,  no  histopathologic  ef- 
fects were  noted  in  any  organs  following  magnetic 
field  exposure.  Body  and  organ  weights  of  young 
rats  exposed  to  magnetic  fields  were  increased 
relative  to  matched  controls;  however,  the  number 
of  animals  studied  was  small,  and  further  studies 
are  required  to  determine  the  significance  of  this 
observat ion. 


6128  STUDIES  ON  BIOMAGNETIC  EFFECTS  IN  MICE 

(MEETING  ABSTRACT).  (Eng. ) Biggs,  M.  W. 
(Dept.  Industrial  Medicine,  Lawrence  Livermore  Lab. 
Livermore,  CA  94550).  '.'n : Piw*  ed.ings  of  the  Bio - 
magnetic  Eff  ete  * rkshop,  April  6-7,  1078.  Law- 
rence Berkeley  Lab.,  Univ.  California,  Berkeley, 

CA  (LBL-7452):  p.  36;  1978.  (3  refs) 

The  possible  effects  of  magnetic  fields  ranging  in 
strength  from  8,800-14,400  G on  murine  growth  rate 
and  hematologic  parameters  and  on  in  vivo  tumor 
growth  were  investigated.  In  two  separate  experi- 
ment'!, the  growth  rate  of  young  male  mice  weighing 
12  q at  the  start  of  the  experiment  was  unaffected 
by  a continuous  I5"day  exposure  to  the  magnetic 
field;  no  growth  effects  were  observed  following 
termination  of  the  exposure.  In  adult  mice,  no 
alterations  were  observed  relative  to  matched  con- 
trols in  body  weight,  white  blood  cell  count,  dif- 
ferential blood  count,  hematocrit,  red  blood  cell 
count,  or  liver  and  spleen  weights  following  mag- 
netic field  exposures  for  periods  of  16-23  davs. 

The  effect  of  the  magnetic  field  on  the  growth  of 
Ehrlich  ascites  tumor  was  not  statistically  sig- 
nificant both  in  terms  of  tumor  growth  rate  and 
mean  survival  time  of  tumor- bear i ng  hosts. 


6129  MECHANISMS  OF  MAGNETIC  FIELD  INTERACTIONS 

WITH  RETINAL  RODS  (MEETING  ABSTRACT). 
(E'j.)  Hong.  f.  T.  (Dept.  Physiology,  Wayne  State 
Univ.  Sch.  Medicine,  Detroit,  Ml  48201).  In:  Pro - 
v<  ' f t h,  ‘ ' zV  Eff  ete  Workshop , April 

6-  , 10  Lawrence  Berkeley  Lab.,  Univ.  Cali- 
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MAGNETIC  FIELD  EFFECTS  ON  RODENTS  (MEETING 
ABSTRACT).  (Eng.)  Nahas,  G.  G.  (Dent. 
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Mechanisms  of  magnetic  field  Interactions  with  ret- 
inal rods  are  discussed.  It  has  been  reported  that 
isolated  frog  rod  outer  segments  In  aqueou*.  suspen- 
sion can  be  oriented  by  a homogeneous  magnetic  field 
of  10  kG.  The  equilibrium  orientation  is  parallel 
to  the  applied  field,  and  the  two  ends  of  a rod  ap- 
pear equivalent  in  a magnetic  field.  Among  the 
possible  mechanisms  considered  responsible  tor  this 
orientation  effect  is  magnetic  anisotropy.  Numeric 
estimation  based  on  the  mechanism  of  magnetic  ani- 
sotropy indicates  that  it  is  impossible  to  orient 
individual  molecules  in  a rod  with  a f'eld  strength 
of  10  kG.  However,  two  major  molecular  constitu- 
ents, visual  pigment  rhodopsin  and  phospholipid, 
are  oriented  along  the  axial  direction  in  a rod. 

If  either  molecule  possesses  a small  anisotropy, 
the  anisotropy  will  be  addi lively  summed  in  a rod 
and  increased  by  a factor  of  3 x 10*  (rhodopsin)  or 
1 0 1 * (phospho I i p i d ) . The  c rue i a I pa rame ter  is  t he 
summed  anisotropy,  which  is  the  sum  ot  the  ani- 
sotropy of  all  the  individual  oriented  anisotropic 
molecules.  An  elementary  calculation  using  classi- 
cal magnetic  theory  leads  to  expressions  that  cor- 
rectly describe  the  time  course  of  orientation. 

Other  invest igators  have  confirmed  the  effect  and 
have  shown  that  the  an i sot  ropy  is  due  mainly  to  the 
protein  moiety  of  rhodopsin  (possibly  an  alpha- 
betical region)  rather  than  phospholipid  Or  the 
chromophore  retinal.  The  magneto-or 1 entat ion  ef- 
fect is  a manifestation  of  the  extraordinary  order 
in  the  rod  membrane  structure  and  has  been  utilized 
as  an  experimental  tool  in  obtaining  oriented  bio- 
logic samples  for  x-ray  crystal lography  and  neutron 
diffraction  studies  in  addition  to  fluorescence 
depol ar i zat ion  and  linear  dichrofsm  studies.  Simi- 
lar magnetic  orientation  mechanisms  might  play  a 
physiologic  role  in  other  systems.  For  example, 
accumul at i ng  evidence  has  shown  that  some  birds  use 
the  terrestrial  magnetic  field  as  a cue  in  orienta- 
tion and  navigation.  Experiments  with  European 
robins  have  suggested  that  the  magnetic  compass  of 
the  bird  can  only  detect  the  axial  direction  of  tin* 
magnetic  field  and  cannot  differentiate  north  from 
south.  Thus,  birds  trained  in  the  northern  hemi- 
sphere will  perhaps  hi'  confused  in  the  southern 
hemisphere.  If  this  turns  out  to  be  the  cast*,  then 
ordered  biologic  structures  (such  as  ;«  •'  • *.  ) 

instead  of  ferromagnetic  particles  should  be  ex 
am i ned  in  the  search  for  the  biologic  compass. 
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ORIENTATION  OF  BIOLOGICAL  Mt.MBRANl  S AND 
CELLS  IN  MAGNETIC  FILIDS  (MEL  TING  AB- 
STRACT). ) Geacintov,  N.  L.  (Chemistry 

Dept.,  New  York  Univ.,  New  York,  NY  10003). 
Ppooeedingt!  of  the.  iHonujtu-i  -'ffetn  W.'vkeh.-r, 
April  6->\  Lawrence  Berkeley  Lab.,  Univ. 

California,  Berkeley,  CA  (LBI-/452).  pp  41-43; 

1978.  (3  refs) 

A theoretic  analysis  ol  the  orient.it  ion  of  biologic 
membrane*  and  cells  in  magnetic  fields  is  presented 
The  observation  of  magnetic  orientation  effects 
depends  critically  on  l hi  f-r«»<luci  ol  the  volume  of 


the  .for  (ins  of  oriented  molecules  and  t fie  aniso- 
tropy, t h i s pii  diut  is  found  to  be  10’  cm  tor 
whole  ; e.  cells.  The  smaller  the  anisotropy, 
the  larger  the  size  of  the  domain  containing  the 
oriented  molecules  that  is  necessary  to  achieve  an 
observable  orientation.  Using  magnetic  fields  of 
10*20  kG , it  has  been  found  that  the  minimum  size 
ot  the  biologic  particles  that  can  be  oriented  by 
magnetic  fields  is  of  the  order  of  1 u . However, 
smaller  particles,  such  as,  small  protein  complexes 
can  be  readily  oriented  by  electric  fields.  Also, 
while  a magnetic  field  of  14  kG  is  necessary  to 
completely  orient  spinach  ch lorop I as ts , these  par- 
ticles are  easily  oriented  in  the  presence  of  weak 
alternating  electric  fields  (60  Hz)  as  low  as  20- 
30  V/cm.  I l is  therefore  evident  that  the  orient- 
ing magnetic  forces  are  much  weaker  for  normally 
available  magnetic  fields  than  for  commonly  avail- 
able electric  fields.  It  is  concluded  that  ori- 
entation forces  in  biologic  systems  must  be  con- 
sidered when  assessing  possible  biologic  effects 
of  magnetic  fields. 


6131  ENZYME -SUBSTRATt  REACTIONS  IN  HIGH  MAG- 

NETIC FI tlDS  (MEETING  ABSTRACT).  (Fny. ) 
Welssbluth,  M.  (Stanford  Univ.,  Stanford,  CA 

94305)  ■ f ' ' 1/j ' ‘ 

*»■  •eAa?;:.\r,  : C-  19  Lawrence  Berkeley  Lab., 

Univ.  California,  Berkeley,  CA  (LBl-7442):  pp.  44- 

45;  19/8.  (4  refs) 

Three  sets  of  experiments  investigating  the  possible 
effects  of  high-strength  magnetic  fields  on  enzyme  - 
substrate  reaction  rates  are  reported.  The*  experi- 
ments were  performed  at  a temperature  close  to  25  C, 
with  temperature  variation  generally  being  limited 
t o within  0.5  C . In  t he  f 1 1 s t series,  t he  sv  s t ems 
ribonucleic  acid  (RNA) - r i bonuc 1 e.r  . and  succinate- 
cytochrome  c reductase  were  investigated  in  magnetic 
fields  of  up  to  48  kG  over  exposure  periods  of  4-6 
min.  The  second  series  of  experiments  consisted  of 
expos  j nq  the*  following  systems  to  84  to  1/0  kG  mag* 
not u fields  over  periods  of  2-20  min  RNA  rlbo 

nuclease,  horseradish  per  ox  i .’.»sr  (whit  h . .Italy.’*  • 
the  oxidation  of  dianisidine  hydrogen  per  * 
ide),  tyrosinase-l  tyrosine,  and  aldolase  fru.  t os* 

I ,6-d  i phospha  t «• . The  peroxidase  additionally 

placed  i n the  fringe  field  at  84  kG  t ■ • prt*vlde  a 
field  gradient  with  a variation  ol  about  in.  over 
tht*  sample  volume.  In  the  final  • * ies  of  expeU 
ments,  trypsin  BAP  A wav  xposed  t.-  220  k r,  • <>r  '* 
min;  finally,  the  enzyme  alone  wax  p re  treated  * ■»« 
65-220  min  .it  208  kG.  In  all  > asex  the  reaction 
rates  were  Independent  of  the  magnetic  field  A 
survey  of  the  literature  indicated  that  positive 
results  have  been  obtained  i n some  instances,  r .1  . 

a magnetic  field  of  3.200  G resulted  in  a 10.’  in- 
crease in  tht*  reaction  rati  of  deoxy  r i bonm  I ea  . 


61  32  EFFflTS  ON  CL  LI  FUNCTION  Rl  5UI  TIN,  FROM 

EXPOSURE  TO  STRONG  MAG  Nl  Tit  FI  UPS  AT 
4"K  (MU' TING  ABSTRACT).  Malinin,  G I 

(Physics  Dept.,  Georgetown  Univ  , Washington,  DC 

20057);  Gregory,  W.  D. . Morel li.  i , Ebert,  » S 


CURRENT  LITERATURE 


April  6-7,  1978 . Lawrence  Berkeley  Lab.,  Univ. 
California,  Berkeley,  CA  (LBL-7452) : pp.  46-47; 

1978.  (I  ref) 

Various  cell  types  were  exposed  to  magnetic  fields 
at  a temperature  of  4 Kelvin  ( K) , thus  transforming 
a fluid  cellular  target  into  a solid  state  system, 
in  an  effort  to  overcome  the  ambiguous  quantitative 
results  of  magnetic  field  effects  on  cellular  func- 
tions observed  at  ambient  temperature.  In  all  ex- 
periments, target  cells  were  frozen  to  ^ K in  the 
presence  of  an  appropriate  cryoprotec t i ve  agent, 
exposed  to  a given  magnetic  field  for  a predeter- 
mined time,  thawed  rapidly,  and  allowed  to  resume 
metabolism  under  optimal  growth  conditions.  Murine 
heteroploid  L-92S  and  human  diploid  W I - 38  fibro- 
blasts exposed  to  a 5-kG  magnetic  field  at  A K 
subsequently  developed  morphologically  distinct 
cell  types  that  could  be  propagated  from  generation 
to  generation.  Deoxyribonucleic  acid  synthesis  in 
spleen-derived  murine  lymphocytes  was  measured  by 
tritiated  thymidine  (3H-TdR);  3H-TdR  incorporation 
in  concanavalin  A-stimulated  lymphocytes  previously 
exposed  to  a 40-kG  field  at  4 K was  drastically  re- 
duced compared  to  controls.  Hemoglobin  synthesis 
in  murine  ery throleukemia  cells  could  not  be  in- 
duced with  butyrate  following  exposure  of  the  cells 
to  a 40-kG  field  at  4 K.  In  this  series  of  ex- 
periments, control  cultures  showed  a normal  response 
to  butyrate  induction  as  measured  with  the  benzidine 
assay.  These  data  seem  to  indicate  that  the  ex- 
posure of  target  cells  to  strong  magnetic  fields 
at  4 K results  in  reproducible  and  measurable  al- 
terations of  cellular  metabolic  indicators.  Pre- 
liminary measurements  of  this  magnet i zat ion  of  cells 
with  a superconducting  SQUID  magnetometer  indicated 
a possible  difference  in  cell  magne t i zat ion  between 
control  and  target  cells. 


6133  EFFECTS  OF  A TRANSVERSE  MAGNETIC  FIELD 

ON  THE  DOSE  DISTRIBUTION  OF  HIGH  ENERGY 
ELECTRONS  AND  ON  THE  RESPONSES  OF  MAMMALIAN  CELLS 
IN  VITRO  TO  X-RAYS  (MEETING  ABSTRACT).  JEYu.  ) 

Nath,  R.  (Dept.  Therapeutic  Radiology,  Yale  Univ. 
Sch.  Medicine,  New  Haven,  CT  06510);  Rockwell,  S. ; 
Bongiorni,  P . Schulz,  R.  J.  In:  Proceedings  of  the 
■ '"w.;*-.  * • Iff t*  * *6  W<  rkehi  ; , April  6-  19 '8.  Law- 

rence Berkeley  Lab.,  Univ.  California,  Berkeley, 

CA  (L8L-7452)  pp  48-49;  1978.  (2  refs) 

Possible  changes  in  the  viability  of  radiation  re - 
spnnse*  of  nanvna  I i an  cells  in  vitro  exposed  to  high 
magnetic  fields  were  investigated  in  connection 
with  potential  comp  I i cat  ions  of  using  transverse 
"WMjnetic  fields  for  enhanc  i ng  the  dose  of  high- 
energy  electron  beams  In  clinical  radiotherapy 
The  exposure  of  urt irradiated  FMT6  mouse  mantnary 
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of  5,700  G did  not  alter  the  repair  of  sublethal  or 
potentially  lethal  damage  of  x-irradiated  EMT6 
cells  and  did  not  alter  the  viability  of  unirradi- 
ated cells  during  exposures  of  up  to  6 hr.  More 
recent  experiments  with  DON  Chinese  hamster  cells 
and  higher  field  strengths  have  indicated  that  the 
exposure  of  these  cells  to  an  almost  uniform  field 
of  20.5  kG  or  to  a nonuniform  field  of  17-4  kG 
with  a gradient  of  2,300  G/cm  for  2 hr  did  not 
alter  their  viability.  The  survival  curves  for 
cells  exposed  to  30-MV  x-rays  delivered  in  a single 
treatment  or  in  two  treatments  separated  by  an  in- 
cubation period  of  2 hr  outside  the  magnetic  field 
were  not  affected  by  the  almost  uniform  20.5"kG 
magnetic  field.  Thus  far,  no  significant  changes 
in  the  viability  of  radiation  responses  of  mam- 
malian cells  in  vitro  have  been  observed  in  cells 
exposed  to  high  magnetic  fields. 


6134  EFFECT  OF  MAGNETIC  FIELDS  ON  THE  DRUG- 

INDUCED  CONTRACTILITY  OF  THE  CILIATE 
SPIR0ST0MUM  (MEETING  ABSTRACT).  (Eng.)  Ettienne, 

E.  (Univ.  Massachusetts  Medical  Sch.,  Worcester, 

MA  01065);  Ripamonti,  A.;  Frankel,  R.  B.  In: 
Proceedings  of  the  Bio^kignetio  Effects  Workshop , 
April  6-7,  1978.  Lawrence  Berkeley  Lab.,  Univ. 
California,  Berkeley,  CA  (LBL-7452):  pp.  50-52; 

1978.  (4  refs) 

The  effect  of  a homogeneous  magnetic  field  on  drug- 
induced  cont ract i 1 i ty  of  the  ciliate  Jpirostorman 
:n'I'  iju . ur'‘  was  investigated.  Ciliate  contraction  was 
induced  by  the  addition  of  10  umol  of  2 , 2 ' - d i py r i - 
dyldi  sulfide  (PDS).  Spiros  tomur.  were  exposed  to  a 
9,200-G  maqnetic  field,  and  the  number  of  PDS- 
induced  contractions  per  minute  was  monitored  over 
a 20-min  interval  in  populations  of  cells  exhibit- 
ing synchronous  contractions.  At  7,  10,  13,  and 
16  min  following  incubation  in  PDS,  the  values  for 
peak  contraction  frequencies  were  depressed  in  the 
exposed  samples  relative  to  controls  by  50,  37,  33, 
and  33* , respectively;  all  of  these  differences 
were  significant  (p<0.001).  The  duration  of  the 
relaxation  phase  in  the  magnetic  field  was  observed 
to  be  extended  over  that  of  controls.  A signifi- 
cant dec  reuse  in  cell  survival  over  the  entire  in- 
cubatu  period  for  cells  exposed  to  maqnetic  fields 
of  either  5,000  <-r  9,200  G also  was  observed.  Based 
on  the  known  physiology  of  : I'eetomum,  the  above 
observations  suggest  that  the  presence  of  a mag- 
netic field  r ve  ■ M decrease  the  enzymatic  trans- 
it of  . u 11  ujt  of  the  cytoplasm  following 
coni  rat l ion. 
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dnd  nerve  action  potentials  are  reported.  Magnet- 
leal  ly-  induced  changes  in  ion  diffusion  rates  were 
studied  by  measuring  the  conductivity  ot  cesium 
chloride  solutions  in  the  presence  and  absence  of 
a magnetic  field.  An  alternating  current  bridge 
circuit  was  employed  in  which  the  frequency  was 
a t>i  >ut  10'  times  lower  than  the  l at  mot  frequency 
(about  10  Hz  at  I k G ) . A null -point  conductivity 
measurement  was  made  to  detect  any  imbalance  of 
the  bridge  circuit  resulting  from  the  application 
of  the  magnetic  field,  thus  signifying  an  influence 
of  the  field  on  the  ionic  diffusion  coefficient. 

No  imbalance  of  the  bridge  circuit  was  observed 
following  the  application  ot  fields  of  up  to  I kG. 

A possible  inductive  interaction  between  a steady 
magnetic  field  and  a nerve  action  potential  was 
also  analyzed.  An  action  potential  propagating 
along  a squid  axon  with  a velocity  of  about  10' 
cm/ sec  was  assumed  to  enter  a region  with  a steady 
magnetic  field  directed  transverse  to  the  axis  of 
the  axon.  The  analysis  indicated  that  magnetic 
field  effects  tend  to  be  nullified  because  <t  the 
rotational  symmetry  of  the  current  loops  in  the 
action  potential.  Previous  experimental  studies 
Indicated  that  no  magnetic  effects  on  the  action 
potential  of  the  frog  sciatic  nerve  occurred  at 
fields  of  up  to  100  kG  distributed  over  O.S  cm. 

The  possibility  of  current  distortion  of  the  action 
potential  due  to  a magnetic  field  was  also  in- 
vestigated; the  extent  of  such  distort  ion  was  eva  I - 
uated  by  comparing  the  Hall  electric  field  (E^)  to 
the  electric  field  associated  with  the  current  flow 
of  t fie  ac  t i on  potential  Uj).  for  parameters  ap- 
propriate to  the  squid  axon,  the  ratio  of  tp  1 , 
remained  less  than  unity  for  magnetic  fields  less 
than  about  I kG. 


6136  MECHANISMS  OF  R I 0MAGNE T I C EFFECTS  (MEET- 

ING ABSTRACT) . (Rtu:.  ' Mahlum,  D.  1). 
(Biology  Dept.,  Pacific  Northwest  lab.,  Richland, 

wa  99 $52 ) . n 

Effort*  "\ivkti /to/’,  Apv’i’  d Lawrence  Berke- 

ley Lab.,  Univ.  California,  Berkeley,  CA  (LBl  /452) : 
pp.  82-83;  1978.  (0  refs) 

Studies  conducted  by  the  Pacific  Northwest  Labora- 
tories on  the  mechanisms  of  biomagnetic  effects  in 
both  warm-  and  cold-blooded  animals  are  described. 
Studies  with  mice  are  being  performed  using  a rep- 
licate experimental  design  that  permits  prolonged 
exposures  of  mice  in  different  stages  of  gestation 
to  static  homogeneous  (10,000  G) , static  gradient 
(260  G/cm) , or  cyclic  gradient  ( 2 SO  G/cm,  approx- 
imately 0.6  cycles /min)  magnetic  fields.  Some 
animals  are  examined  prenatal ly  for  morphologic 
effects,  while  others  are  evaluated  postnatally 
for  functional  changes.  In  other  studies  with 
trout,  eggs  are  fertilized  and  permitted  to  develop 
In  the  magnetic  field  for  21  days  (approximately 
7 days  before  hatching).  The  eggs  arc*  then  removed 
from  the  field  and  allowed  to  hatch  In  a flow- 
through incubator.  Several  endpoints  Inc lmling 
morphologic  alterations,  hatching  efficiency,  and 
survival  are  used  to  assess  the  effects  of  exposure. 
These  studies  should  provide  an  Integrated  assess- 
ment of  biomagnetic  effects  that  Is  Independent  of 


the  level  at  which  the  effect  occurs  and  that  is 
Independent  of  the  mechanism.  In  addition,  a number 
of  simpler  in  v i t r<s  systems  are  being  investigated. 
These  include  changes  in  permeability  character- 
istics of  artificial  and  natural  membranes,  changes 
in  gelation  temperatures  of  macromolecules,  effects 
on  growth  and  morphologic  and  functional  character- 
istics of  cells  in  tissue  culture,  and  the  effects 
on  neuromuscu I ar  function.  Studies  of  possible 
genetic  effects  using  microbial  and  animal  systems 
*n « also  in  progress.  Current  speculation  suggests 
that  alterations  in  macromol ecul ar  or  membrane  con- 
formation could  result  in  biochemical  and  physio- 
logic changes  that  would  serve  to  amplify  snail 
effects  produced  by  the  interaction  of  magnetic 
f i e 1 d s w i ih  b I o I og i c ma t e r i a 1 . Singer's  fluid 
mosaic  model  ot  membrane  structure  may  provide  a 
tool  for  exploring  the  validity  of  these  specula- 
tions if  reproducible  effects  can  be  Identified. 


6137  MAGNl TIC  fILlO  COUPLING  WITH  LIQUID  CRYS- 

1 ALL  INI  ST  RUCTURE S ( MEET  I NG  ABSTRACT) . 

• . Labes,  M M.  (Dept.  Chemistry,  Temple  Univ., 
Philadelphia.  PA  19122).  q;  *V. v.  . \:i>uw  of  the 
> .»  J-/;Vor8  Wevkfihi'i  , \ 6-  ',  1978. 
Lawrence  Berkeley  Lab.,  Univ.  California,  Berkeley, 
CA  (LBL-7452) : pp.  84-8S;  1978.  (4  refs) 

A mode  I foi  magnetic  field  coupling  with  liquid 
crystalline  structures  is  proposed.  In  a magnetic 
field,  arrays  of  diamagnetic  rods  adopt  a position 
that  minimizes  their  free  energy.  If  the  diamag- 
netic anisotropy  (Xj  is  greater  than  0,  then  the 
lonq  molecular  axis  aligns  in  the  field.  The  free 
energy  perturbation  (Fm)«-  1 Xt1  (nH)*  , where  n 
is  the  directoi  of  the  liquid  crystal  and  H is  the 
mag ne tic  field  s t r eng t h . The  c r i t leal  magne t i c 

field  to  produce  reorientation  of  the  director  in 
a thin  sample  (about  0.1  mm  in  depth)  is  typically 
ID'-IO1*  0e , depending  on  the  magnitude  of  . Sub- 
ciitical  fie  Ills  perturb  cholesteric  liquid  crystals 
by  chanqing  the  pitch  of  the  cholesteric  helix. 
Transport  processes  are  known  to  be  anisotropic  in 
liquid  crystals;  e . g . , d i f f u s i on  i oe f f 1 c i en  t s are 
typically  twice  as  large  para  IK*  I to  the  long  axis 
as  compared  to  the  perpendicular  direction.  The 
proposed  model  tor  biomagnetic  effects  consists 
therefore  of  the  perturbation  of  a transport  proc- 
ess through  a liquid  crystalline  membrane.  The 
perturbation  can  be  expected  to  influence  the  rate 
of  transport  by  t factor  of  2 for  magnetic  fields 
ot  10*  1 0‘*  Or.  Measurements  of  magnetic  field  ef- 
fects on  diffusion  in  liquid  crystals  and  on  the 
anisotropy  of  diffusion  confirm  several  aspects  of 
the  above  model  of  biomagnetic  effects. 


M > ' SUP l RC0NDUCTI VE  J0SEPHS0N  JUNCTIONS  -A 

POSSIRll  Ml  CHAN  ISM  FOR  DETECTION  OF  WtAk 
MAc.NET  1C  Finns  AN!-  01  MICR0WAVFS  BY  LIVING  ORGANISMS 
(MUTING  ABSTRACT)  <*>*,;.'  Cope,  F.  W.  (Bio- 
chemistry lab..  Naval  Ait  Development  Center,  War- 
minster. PA  18974).  V.’  * : ’•  v*  ,'f  th »*  ’ 

: .•?  W.  vx.vK  7 , A:  r:  ' . .’d'  . law- 

reiue  Berkeley  lab.,  Univ.  California,  Berkeley, 

CA  (LBl  ?4$2K  pp  86-87;  1978.  (7  refs) 
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The  phenomenon  of  superconductive  Josephson  junc- 
tions is  considered  as  a possible  mechanism  for  the 
detection  of  very  weak  magnetic  fields  (0.1*5  G) 
and  microwaves  by  living  organisms.  Although  no 
direct  evidence  for  this  pheruvnenon  has  been  ob- 
tained in  vivo,  various  model  chemical  systems  have 
been  examined  for  the  presence  of  superconductive 
transitions  and  Josephson  junctions  at  tempera- 
tures in  the  physiologic  range  For  example,  ex- 
perimental evidence  indicates  probable  supercon- 
ductive transitions  in  the  cholates  at  near  room 
temperature.  Also,  weak  magnetic  field  effects  on 
probable  Josephson  junctions  have  been  observed  in 
carbon  films  at  25  C.  Electron  tunneling  through 
these  junctions  responds  to  very  small  magnetic 
fields  as  evidenced  by  the  fact  that  superconduct- 
ing Josephson  junctions  have  been  fabricated  that 
exhibit  sensitivity  to  fields  as  smul I as  10  11  G. 
Josephson  junctions  between  superconductive  micro- 
regions  in  living  systems  may  therefore  provide  a 
possible  physical  mechanism  with  more  than  enough 
sensitivity  to  explain  the  observed  responses  of 
organisms  to  weak  magnetic  fields.  Microwave  ef- 
fects observed  on  probable  nxwt  temperature  Joseph- 
son junctions  in  carbon  films  suggest  that  non  - 
thermal  effects  of  microwaves  in  biologic  systems 
may  occur  with  high  sensitivity  by  the  same  mechan- 
i sm. 

6139  THEORETICAL  REMARKS  ON  LOW  MAGNETIC  MELD 

INTERACTIONS  WITH  BIOLOGICAL  SYSTEMS 
(MEETING  ABSTRACT).  ,A>.y.  Swenberg,  C.  E (Dept. 
Physics,  Univ.  Puerto  Rico,  Rio  Piedras,  PR  00931). 
In:  th*  flu'n i r ' ';*;*«  •;<*  vs.: 

April  6-  1978.  Lawrence  Berkeley  Lab.,  Univ. 

California,  Berkeley,  CA  (LBL-7452):  pp . 88-90; 
19/8.  (8  refs) 

The  theory  of  low  magnetic  field  interactions  with 
biologic  systems  is  discussed,  with  particular  em- 
phasis on  examples  of  biomagnetic  hyper  fine  inter- 
actions. One  such  example  is  provided  bv  the  photo- 
chemical properties  of  the  bacterium  Rhi \: \ ':•.•••«  >;/:*- 
mcruia  apKieroidea.  In  this  system,  if  the  photo- 
chemical electron  transfer  to  the  i ron-uh igu i none 
complex  is  blocked  by  chemical  reduction,  the  life- 
time of  the  radical  pair  I ntermed i ate  (P870  *1”) 
formed  by  a flash  excitation  will  Increase  from  0.2 
to  10  nsec.  Under  this  condition,  a magnetic  field 
effect  on  the  spin  state  of  the  Intermediate  can  be 
observed  as  a change  in  the  absorption  spectrum  of 
the  carotenoid  receptor.  The  saturation  field  is 
approximate ly  100  G,  and  the  maximum  magnetic  field 
effect  on  the  absorption  is  about  30?. . Other  ex- 
amples of  biomagnet  ic  hyperfine  interactions  may 
arise  in  systems  where  a photo i some ri zat ion  is 
coupled  to  an  exothermic  transfer  reaction.  It  has 
been  proposed  that  the  sensitivity  of  certain  mi- 
gratory birds  to  the  geomagnetic  field  may  originate 
from  an  anisotropic  hyperfine  tunneling  mechanism 
that  serves  as  an  internal  compass.  In  cases  where 
light  is  necessary  for  the  detection  of  both  the 
presence  and  direction  of  the  earth's  field,  small 
fluctuations  are  predicted  to  oaur  in  the  plasma 
membrane  current  of  retinal  photoreceptor  cells 
when  they  have  different  spatial  orientations  rela- 
tive to  the  field. 


6140  THE  APPLICATION  OF  TRANSMISSION  MICROWAVE 

TECHNOLOGY  TO  LUNG  WATER  MEASUREMENTS 
(MEETING  ABSTRACT'.  ' Bragg,  D.  G.  (Dept. 

Radiology,  Col  I . Medicine,  Univ.  Utah,  Salt  Lake 
City,  UT) ; Putney,  C.  H.;  Iskander,  M.  F.  Inveat 
AT:  .*  I 3(6)  : 373  ; 1978.  (1  ref) 

A pulmonary  edema  animal  mode  1 was  developed  to  test 
the  transmission  microwave  monitoring  method.  The 
method  employs  a transmission  microwave  applicator 
and  detector  system  and  appears  to  have  good  power 
coupling  to  the  tissue,  with  minimal  external  radia- 
tion. The  open  strip  transmission  line  has  been 
tested  in  animal  ’rode Is  and  appears  to  satisfy  the 
requirements  of  small  size  and  the  ability  to  be 
conveniently  attached  to  the  chest  wall.  In  the 
pic-sent  study,  the  amplitude  and  phase  of  the  trans- 
mitted n i crowave  signal  was  constantly  monitored 
during  the  induction  and  reversal  ot  pulmonary 
edema.  The  animals  were  simultaneously  evaluated 
with  serial  chest  radiographs,  together  with  a con- 
stant monitoring  of  systemic  arterial  pressures, 
mean  pul  nonary  arterial  and  venous  pressure,  and 
cardiac,  out  nut  The  nicr\>wa\  transmission  technique 
appears  to  be  the  most  sens  t i ve  and  specific  method 
available  to  detect  change  > in  total  lung  water 
content.  Future  research  will  be  directed  toward 
improvements  ii  system  design  to  eliminate  problems 
ot  maintaining  the  opposing  applicator  reference 
position  and  reducing  the  sensitivity  of  the  tech- 
nique in  response  to  geometric  and  notion  artifacts. 


6141  LOCALIZED  RADI OFREQUf NCY  HYPERTHERMIA  ( LRFHT 1 

or  THYROID  GLAND  t WORK  IN  PROGRESS)  (MEETING 
ABSTRACT).  Kotlyarov.  E.  V.  (Univ.  Nebraska 

Medical  Center  . Omaha,  NB  6810*  ' . Washburn,  J.  H. ; 

Ba Itaxe,  H • . I3(  ^ 1973 

(0  rets) 

The  possibility  ot  utilizing  locali.-cd  radio  frequency 
hyperthermia  (LRFHT)  (alone  or  with  radioactive  iodine) 
in  the  treatment  ot  euthyroid  goiter  and  possibly  in 
primary  or  secondary  thyroid  cancer  was  i nvest igated . 
Initial  studies  ot  the  effect  e>t  LRFrT  on  the  uptake 
of  1 I and  '1 c -pertechne t ate  and  the  pathologic 
effects  of  l RFHT  on  the  thyroid  gland  are  presented. 

The  initial  pa rame ter  of  1 oc a I i zed  hype r t he rm i a wa s 
determined  by  direct  implantation  of  a thermoprobe 
into  one  of  the  thvroid  lobes  of  six  rabbits  (1.5-2 
kg)  (both  sexes).  A triport  222  three-channel  radio 
freguen*.  y generator  transmitting  at  13-56  MHz  was 
utilized  to  induce  localized  hyperthermia.  Eliptical 
copper  electrodes  measuring  6 cm*  were  used,  and 
a mean  power  of  10-12  W was  appl ied  to  the  electrodes 
to  produce  localized  hyperthermia  with  an  average 
applied  power  of  I. 8-2. 2 W cm*  Power  was  pulsed 
through  the  electrodes  and  an  intrathyroid  tempera- 
ture of  41.5  • 0.5  C wa s ma i n t a • ne d for  60  min.  In 
a second  study,  the  effect  ol  LRfHT  on  2 -hr  ‘*‘*mTc- 
per technetate  and  2,  24,  46,  and  72-hr  • ' I thyroid 
uptake  was  investigated.  The  discharge  of  incorpora- 
ted I from  the  thyroid  due  to  different  time  (10- 
60  min)  of  hyperthermia  during  1 wk  daily  was  studied. 
The  thyroid  (neck)  uptake  was  obtained  in  vivo  after 
intravenous  injection  ot  20  i.C  i of  ’ Me -per  t ec  hnet  at  e 
and  3 ; C i of  !^'l.  Radiometrv  was  performed  by 


ti‘Oiogn  Jt  t f?*i  ft  of  Nontanmng  Flti  ■ trot  n 49/*  tic 
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scintillation  detection  placed  on  the  skin  in  front 
of  maximal  radioactivity  on  the  neck.  The  results 
indicate  a significant  decreased  thyroid  function 
(trapping  and  organ i f i cat i on)  as  well  as  a signifi- 
cant discharge  of  orqanified  Iodine  compounds  from 
the  thyroid  gland. 


6 11*2  UNIFORM  THAWING  OF  CANINE  KIDNEYS  USING 

SINGLE-FREQUENCY  ELECTROMAGNETIC  ENERGY 
(MEETING  ABSTRACT).  (Rruj. ) Burdette.  E.  C.  (En- 
gineering Experiment  Station,  Georgia  Inst.  Tech- 
nology, Atlanta,  GA  30332);  Karow,  A.  M. , Jr. 

15(6)  725;  1578.  (o  rets) 

Uniform  thawing  of  canine  kidneys  was  investigated 
using  kidneys  from  dogs  perfused  with  a K^.Mq**- 
r ich  perfusate  containing  one  of  several  dimethyl  - 
sulfoxide  (Me  SO)  concentrat ions,  frozen  to  -80  C, 
and  thawed  using  9l8-MHz  e I ect romagnet I c (EM)  en- 
ergy. A special  dielectric-loaded  horn  illuminator 
was  designed  to  accomodate  the  kidney  geometry  and 
provide  a uniform  field  incident  upon  the  kidney. 
The  thawed  kidneys  were  evaluated  by  anatomic 
Imacroscop i c and  microscopic)  and  physiologic  ob- 
servations. Temperature  and  thawing  uniformity 
were  measured  by  monitoring  the  power  reflected 
back  to  the  EM  source  during  thermal  phase  change 
and  by  using  h i gh~ res i s t i v i ty  thermistors  during 
c.nd  i mediately  following  thawing.  Temperature 
uniformity  was  maintained  to  within  4 C throughout 
the  entire  kidney  with  thawing  rates  of  30  to  45 
C/min.  Histologic  evaluation  revealed  little 
difference  between  f rozen- EM- thawed  renal  tissue 
and  controls. 


6143  RECENT  DEVELOPMENTS  IN  MICROWAVE  HEATING 

(MEETING  A8STRACT).  * Hand,  J.  W. 

(Medical  Res.  Council  Cyclotron  Unit,  Hammer  smith 
Nosp.,  Du  Cane  Rd.  , London  W12  OHS,  England).  Fr 
»T  Radiol  Si  (611):  93<*;  1978.  (0  refs) 


liar  to  this  tissue.  This  technique  improves  the 
efficiency  of  coupling  the  microwaves  into  the 
tissue  and  avoids  the  effects  of  shape  and  size 
on  the  absorption  charac ter i s t I cs  of  the  irregularly 
shaped  mouse  jejunum.  A multi -sensor  thermistor 
probe  produced  by  thick  film  technology  for  tem- 
perature measurements  In  the  presence  of  electro- 
magnetic fields  also  is  discussed. 


6144  A TECHNIQUE  FOR  PRODUCING  LOCALIZED  MEAS- 

URABLE HYPERTHERMIA  IN  SUPERFICIAL  RAT 
TUMOURS  USING  RAD  1 0- FREQUENCY  CURRENTS  (MEETING 
ABSTRACT).  tfVkj.J  Dunscombe,  P.  B.  (Dept.  Med- 
ical Physics  and  Rad lotherapy , Charing  Cross  Hosp. , 
London  W6  8RF,  England);  Backhouse,  B.  M.  Fr 
Radio!  51(611):  93^;  1978.  (0  refs) 

Currents  at  433  MHz  were  passed  through  superficial 
tumors  of  rats  by  means  of  a waveguide  and  aerial 
system  to  produce  localized  hyperthermia.  It  was 
demonstrated  that  this  hyperthermia  technique  re- 
sulted in  higher  rates  of  heat  production  in  fat 
and  in  the  regions  near  the  electrodes.  Both  the 
tumor  and  rectal  temperatures  were  monitored  during 
heating  using  thermocouple  probes.  The  tumor  probe 
was  housed  in  a steel  needle  to  facilitate  insertion 
into  the  tissue.  By  maintaining  the  metallic  com- 
ponents of  the  probes  normal  to  the  electric  vector 
of  the  field  it  was  possible  to  reduce  pick  up  of 
the  electromagnetic  field  to  an  acceptably  low 
level.  Thermograph ic  studies  performed  on  tissue- 
equivalent  gels  indicated  a high  degree  of  local- 
ization of  heat  production  (full  width  at  half 
maximum  height  of  the  temperature  distribution  was 
1.5  cm)  and  surface  heating.  Similar  studies  failed 
to  show  any  perturbation  of  the  temperature  distri- 
bution due  to  the  presence  of  a thermocouple  probe. 

A series  of  anesthetized  rats  carrying  tumors  on 
the  flank  was  subjected  to  the  heating  system. 

The  mean  rate  of  rise  of  temperature  in  the  tumors 
was  3.3  * 2.2  C/min  at  37  C corresponding  to  a 
power  absorption  of  270  ♦ 190  W/kg. 


Recent  developments  in  microwave  heating  are  dis- 
cussed with  emphasis  on  microwave  appl icators  that 
are  likely  to  be  useful  for  hyperthermia  applica- 
tion. In  particular,  a waveguide  applicator  par- 
tially loaded  with  dielectric  slabs  in  order  to 
produce  a uniform  microwave  field  across  part  of 
the  aperture  is  described.  Heating  patterns  pro- 
duced by  such  an  applicator  are  of  greater  uni- 
formity than  those  produced  by  direct  contact  mic- 
rowave appl icators  operated  in  the  TE^o  mode.  This 
new  type  of  applicator  could  be  used  In  treating 
patients  with  superficial  lesions.  Microwave  ap- 
plicators made  from  micro-miniature  coaxial  wave- 
guide also  are  reviewed.  These  appl icators  may 
be  Inserted  into  tissue  via  a catheter  or  as  Inter- 
stitial implants  and  are  capable  of  producing 
localized  hyperthermia  deep  in  tissue.  Small  ap- 
pl Icators  of  coaxial  geometry  could  prove  useful 
In  the  treatment  of  areas,  such  as,  bladder,  rec- 
tum, esophagus,  and  cervix.  An  experimental  tech- 
nique for  inducing  hyperthermia  in  a loop  of  ex- 
teriorized mouse  intestine  is  described.  The 
organ  Is  immersed  in  a liquid  that  is  both  bio- 
logically compatible  with  and  dielectrically  slm- 


6l4R  MEASUREMENT  OF  THE  ELECTRICAL  PROPERTIES 

OF  MATERIALS  OF  BIOLOGICAL  INTEREST  (MEET- 
ING ABSTRACT) . ,JVy.  ) Sheppard,  R.  J.  (Dept. 
Physics,  Queen  Elizabeth  Coll.,  London,  England). 

Fr  51  (611):  934;  1978.  (0  refs) 

Complex  permittivity  and  conductivity  is  briefly 
defined  and  explained  with  particular  reference 
to  biologic  materials.  The  reasons  why  such  para- 
meters and  in  particular  their  variation  with  fre- 
quency need  to  be  known  are  discussed  and  apparatus 
required  for  such  measurements  is  described.  Fre- 
quency domain  techniques  are  outlined,  and  alter- 
nating current  bridges  (10  kHz-100  MHz),  coaxial 
lines  (50  MHz-12  GHz),  and  waveguides  that  can  oper- 
ate over  narrow  frequency  bands  up  to  about  100 
GHz  are  discussed.  In  addition,  the  new  method  of 
time  domain  spectroscopy  (TDS) , which  enables  data 
to  be  taken  In  the  time  domain,  is  explained.  These 
data  are  Fourier  transformed  to  give  permittivity 
as  a function  of  frequency.  The  advantages  of  TDS 
are  that  it  has  a wide  frequency  response  and  tan 
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Biological  E flat  fs  of  Nonionizing  Blactroniagnetn 
Baii>aVOn  Ii/i4)  June  1979 


measure  small  (less  than  1 ml)  conductive  samples. 
The  technique  is  also  ideally  suited  to  measure 
tissue  as  well  as  solutions.  Recent  data  on  the 
lens  of  rabbit's  eyes  also  are  presented. 


6146  HEAT  TRANSFER  AND  CONDUCTION  IN  RADIO- 

FREQUENCY HEATING  (MEETING  ABSTRACT). 

(Eng. ) Strang,  R.  (West  of  Scotland  Health  Boards, 
Dept.  Clinical  Physics  and  Bioengineering,  11  W. 

Graham  St.,  Glasgow  G4  9LF,  Scotland);  Patterson, 

J.  Rr  J Radiol  $1(611):  934;  1978.  (0  refs) 

Radio  frequency  hyperthermia  is  discussed  with  respect 
to  heat  transfer  and  conduction.  In  this  heating  mo- 
dality the  tissue  to  be  heated  is  placed  between  two 
electrodes  and  a high-frequency  alternating  current  is 
passed  between  them.  The  main  advantage  of  this  type 
of  heating  over  other  techniques  is  that  it  is  pos- 
sible to  achieve  heating  at  depth.  Several  factors 
affect  the  distribution  of  temperature  produced  by 
this  technique,  including  differences  in  electrical 
impedance  and  specific  heat,  conduction  of  heat 
out  of  the  heated  volume  and  the  transfer  of  heat 
by  blood  flow.  Differences  in  electrical  impedance 
and  specific  heat  give  rise  to  preferential  heating 
in  some  tissues.  In  particular,  if  the  tissues 
are  in  series,  the  relative  temperature  rise  in 
fat  and  bone  is  much  greater  than  in  muscle  ( 1 8 : 1 
fat,  27:1  bone).  After  heat  is  deposited  in  a 
tissue  there  are  processes  that  modify  the  re- 
sulting temperature  distribution.  One  such  process 
is  the  flow  of  blood  through  the  tissue.  Blood 
flow  has  two  main  effects:  ( 1 ) for  a given  rate 
of  production  of  heat  in  a tissue  the  temperature 
produced  is  limited  to  a certain  value  dependent 
on  the  blood  flow;  and  (2)  the  temperature  subse- 
quently produced  in  normal  tissues  varies  widely 
due  to  the  large  range  of  blood  flows  encountered. 


6147  ATHERMAL  EFFECTS  OF  MICROWAVES  AT  THE  CEL- 

LULAR LEVEL  (MEETING  ABSTRACT) . (Eng.) 
Ramsey,  N.  W.  (Medical  Physics  Dept.,  Charing  Cross 
Hosp.,  London  W6  8RF,  England).  Pr  J Radis’  51(611): 
935;  1978.  (5  refs) 

Investigations  concerning  the  athermal  effects  of 
microwaves  at  the  cellular  level  are  reviewed. 
Cataract  formation  was  Induced  in  the  lens  of  rabbit 
eyes  by  exposure  to  12.2  cm  wavelength  radiation. 

A roughly  reciprocal  relationship  was  found  between 
incident  power  and  exposure  time  required,  but  at 
less  than  40  mW/cm2  incident  power,  virtually  un- 
limited exposure  could  be  tolerated.  Using  1.25 
cm  wavelength  it  was  found  that  an  exposure  of  5 
min  duration  was  sufficient  to  impair  production 
of  testosterone  in  the  rat  testes  even  though 
histologic  examination  revealed  no  obvious  damage. 
This  treatment  produced  a slight  temperature  rise 
but  a comparable  temperature  rise  induced  by  ex- 
posure to  infrared  radiation  did  not  impair  tes- 
tosterone production.  The  absorbed  power  was  less 
than  250  mW/cm2.  Embryonic  chick  hearts  exposed 
to  1.25  cm  wavelength  radiation  at  an  incident 
power  of  74  mW/cm2  and  for  durations  up  to  3 min 
showed  gross  changes  in  the  electrocardiographic 


pattern.  Evoked  potentials  were  recorded  from  an 
electrode  in  the  brain  stem  of  a cat  exposed  to 
pulsed  radiation  at  20  cm  to  25  cm  wavelength,  and 
peak  power  level  of  60  mW/cm2.  The  effect  of  12.2 
cm  radiation  on  the  intercellular  reaction  between 
mouse  macrophages  and  a suspension  of  human  ery- 
throcytes was  to  depress  phagocytosis.  The  effect 
was  found  to  be  transient,  recovery  taking  place 
when  the  irradiation  ceased.  The  incident  power 
level  was  50  mW/cm2  with  exposures  lasting  up  to 
30  min.  Erythrocytes  from. rabbit  venous  blood  and 
granulocytes  isolated  from  the  peritoneal  cavity 
of  the  rabbit,  following  exposure  to  10  cm  wave- 
length radiation  in  vitro  showed  evidence  of  damage. 
An  incident  power  of  less  than  10  mW/cm  for  a 
period  of  1 hr  was  sufficient  to  produce  a loss 
of  potassium  from  erythrocytes,  indicating  inter- 
ference with  the  sodium-potassium  pump.  Hemoglobin 
loss  from  the  erythrocytes  occurred  at  an  incident 
power  of  less  than  10  mW/cm2,  and  the  osmotic  re- 
sistance of  the  lymphocytes  indicated  some  degree 
of  cell  damage  for  a similar  exposure.  Incident 
powers  as  low  as  5 mW /cm2  for  periods  of  less  than 
1 hr  were  sufficient  to  kill  a proportion  of  gran- 
ulocytes, as  demonstrated  by  nigrosin  staining. 

If  cells  in  the  blood  are  readily  damaged  by  such 
low  power  levels,  the  implications  could  be  far 
reaching  in  that  however  radiation  may  be  applied 
to  the  body,  some  fraction  of  the  blood  will  always 
be  irradiated.  It  is  concluded  that  carefully  quan- 
titated data  on  the  athermal  effects  of  ultra  high 
frequency  (UHF)  radiation  on  intact  animals  is  an 
essential  prerequisite  to  the  use  of  UHF  heating 
for  the  production  of  hyperthermia  in  humans. 


6148  EVALUATION  OF  THE  PERTH  EXPERIENCE  IN 

TREATING  WITH  IONIZING  RADIATIONS  AND 
VHF  (434  MHz)  RADIATIONS  (MEETING  ABSTRACT).  (Eng.  ) 
Caldwell,  W.  L.  (Div.  Radiation  Oncology,  Dept. 
Human  Oncology,  Univ.  Wisconsin  Center  for  Health 
Sciences,  Madison,  Wl  53706).  Tnt  »'  Radiat  Onsoi 
Biol  Ph/8  4 (Suppl . 2):  120-121;  1978.  (1  ref) 

The  results  of  a series  of  52  patients  with  advanced 
head  and  neck  cancer  treated  with  ionizing  radiation 
in  combination  with  434  MHz  very  high  frequency 
(VHF)  radiation  are  reported.  Included  were  can- 
cers of  the  tonsil  (8),  pharynx  (5),  anterior  tongue 
(5),  floor  of  the  mouth  (4),  soft  palate  (4),  sup- 
raglottlc  larynx  (4),  larynx  (4),  maxilla  (3).  and 
other  sites  (15).  The  patients  were  administered 
doses  of  Irradiation  that  were  consistently  lower 
than  those  used  conventionally.  The  doses  for 
the  1 8 patients  with  extensive  disease  who  survived 
ranqed  from  4.000  rad/6  wk  to  6,300  rad/7  wk  (one 
patient  was  administered  2,500  rad/ 4 wk)  with 
three  patients  having  gold  grain  implant  boosts; 
only  six  i itients  had  doses  in  excess  of  5,500 
rad/6  to  ws  The  doses  In  the  19  patients  who 
died  wl ' ».n  2 or  more  yr  of  completion  of  treat- 
ment were  slightly  tower,  with  only  two  patients 
being  irradiated  above  5,500  rad/6  to  7 wk . The 
treatment  approach  was  not  consistent;  the  site 
and  extent  of  disease  at  the  time  of  treatment 
varied  sufficiently  that  i nd » v i dua I i /at  ion  of 
treatment  was  felt  unnecessary.  Most  of  the  pa- 


60 


tf’iWotf'*  ji  t fVt  rs  of  Nontonumg  £>#*.  tromugnitic 
HI  4 June  19/9 


CURRENT  LITERATURE 


tients  were  exposed  to  434  MHz  radiation  in  a 
Tronado  unit  (three  rings  of  434  MHz  diathermy 
units,  each  ring  composed  of  four  units)  for  20 
to  30  min  before  treatment  with  ionizing  radiation. 
Six  to  18  exposures  to  VHF  radiation  were  used, 
but  generally  these  were  expected  to  be  between 
39  C and  40.5  C.  At  this  temperature  for  20  min 
there  is  no  cell  kill  from  the  heat,  but  there 
is  sensi t i zat ion  to  ionizing  radiation.  Normal 
tissue  tolerance  was  excellent. 

6149  THERMAL  DISTRIBUTIONS  FOR  CLINICAL  MICRO- 

WAVE  H>PfRTHERMIA  (MEETING  ABSTRACT). 

Png.  Kopecky,  W.  J.  (Div.  Radiation  Oncology, 

Mai l i nek  rod t Inst.  Radiology,  Washington  Univ. 

Sch.  Medicine,  S 1 0 S.  K i ngsh i qhway , St.  Louis, 

MO  63110);  Perez,  C.  A.  :*\t  V RaJiot  Onrcl 
•::,*»  4(Suppl.  2):  119;  197#.  (0  refs) 

A sal i ne- f ? 1 1 ed  bath  was  used  to  determine  the 
thermal  distribution  for  several  clinically  useful 
waveguide  applicators  used  in  microwave  hyperthermia. 
The  system  utilized  a saline- filled  compartment 
placed  within  a temperature-cont rol led  water  bath 
set  to  37.5  C.  Thermal  distributions  were  taken 
with  a hypodermic  thermistor  probe  placed  perpen- 
dicular to  the  electric  field.  In  this  way  longi- 
tudinal and  transverse  cross  sections  of  the  heat 
deposition  due  to  microwave  interaction  with  the 
saline  bath  could  be  elicited.  A similar  arrange- 
ment was  carried  out  to  determine  the  thermal 
distribution  from  these  waveguides  in  a tissue 
phantom.  Results  using  these  techniques  are 
compared  with  thermographic  camera  data  on  central 
axis,  and  cross  sectional  distributions.  Addition- 
ally, the  clinical  significance  of  these  results 
are  discussed. 


6150  CLINICAL  HYPERTHERMIA  AND  RADIATION  (MEET- 
ING ABSTRACT).  > Johnson,  R.  J.  R. 

(Dept.  Radiation  Medicine,  Roswell  Park  Memorial 
Inst.,  666  Elm  St..  Buffalo,  NY  14263);  Bicher,  H. 
I.;  C 1 ubb , B.  S.;  Sandhu.  T.  S.;  Hetzel,  F.  W.; 

Kowal  , H.  $.,  . * »: ' v * V;,v  ' Bi\\  Phyfi 

4 ( Supp I . 2)-  IIS-120;  1979.  (0  refs) 

The  potential  application  of  hyperthermia  in  co»’ibi  na- 
tion with  x- i rradi at i on  was  investigated  using  2,490, 
915,  and  4T4  MHz  microwaves  for  local  tumor  heating 
and  whole -body  hyperthermia  lor  deep  tumors.  Local 
hyperthermia  to  47  5 C will  only  produce  tumor  dif- 
ferential heatinq  when  the  normal  tissue  perfusion 
rate  exceeds  that  of  the  tumor  Hyperthermia  at 
42.5  C,  applied  immediately  alter  x irradiation, 
will  cause  a thermal  enhancement  ratio  of  1.3  1.6 
for  both  normal  and  tumor  tissue.  An  improvement 
in  the  therapeutic  ratio  will  result  if  the  norm.il 
tissue  can  be  maintained  below  41  C.  A pilot  program 
using  whole-bodv  hyperthermia  induced  and  controlled 
by  a NASA  env i ronmen ta I suit  was  used  to  assess  the 
clinical  feasibility  of  whole -body  hyperthermia  and 
x- i rradiat Ion  and  also  to  determine  changes  in  dis- 
tribution of  regional  and  tumor  blood  Mow,  tumor 
PC-  and  pH  The  relevance  of  these  findings  In 
relation  to  the  potential  use  of  whole-body  hyper- 
thermia and  radiotherapy  are  discussed. 


6151  MICROWAVE- INDUCED  LOCAL  HYPERTHERMIA  IN 
COMBINATION  WITH  RADIOTHERAPY  OF  HUMAN 

MALIGNANT  TUMORS  (MEETING  ABSTRACT).  , (Png.  ' U, 

R.  (Dept.  Radiology,  Duke  Univ.  Medical  Center, 
Durham,  NC  27710);  Noel  1 , K.  T. ; Woodward,  K.  T. ; 
Worde,  B.  T. ; FIshburn,  R.  I.;  Miller,  L.  S. 

Tnt  J Roiiiat  Oncol  Biol  Phys  4(Suppl.  2):  122;  1978. 
(0  refs) 

A pilot  study  using  microwave  hyperthermia  Immed- 
iately following  admi ni st rat  ion  of  ionizing  radia- 
tion was  undertaken  to  evaluate  the  response  of 
normal  tissues,  the  regression  of  cutaneous  or 
subcutaneous  tumors,  and  the  practical  feasibility 
of  such  combined  modalities  in  therapeutic  radi- 
ology. Ionizing  radiation  in  individual  fractions 
of  200-700  rad  was  used  2-5  times  per  week  to 
total  doses  of  1,400-6,000  rad  in  5“30  fractions. 
Microwave  hyperthermia  (42-43-5  C)  was  applied 
2_3  times  per  week,  maximum  14  sessions  in  5 wk. 

The  20  patients  treated  had  squamous  cell  carcinoma, 
adenocarc i noma , malignant  melanoma,  p I asmacy toma , 
epithelioid  sarcoma,  and  undifferentiated  carcin- 
oma. After  over  150  microwave  hyperthermia  ses- 
sions, It  was  found  that:  (l)  local  hyperthermia 
with  microwave  alone  or  in  combination  with  ioni- 
zing radiation  can  be  used  with  excellent  normal 
tissue  tolerance  provided  local  tissue  temperatures 
are  carefully  monitored  and  controlled;  (2)  a sig- 
nificantly higher  level  of  preferential  heat  in- 
duction into  tumor  tissue  occurs  as  compared  to 
surrounding  normal  tissues;  and  (3^  repeated  mic- 
rowave hyperthermia  at  42-43.5  C for  45  min/session 
immediately  following  photon  irradiation  yields  a 
favorable  therapeutic  ratio,  often  with  dramatic 
results.  It  is  concluded  that  microwave  hyper- 
thermia in  combination  with  radiotherapy  has  sig- 
nificant potential  in  clinical  cancer  therapy, 
whether  of  curative  or  palliative  intent. 

6 152  MICROWAVE  HEATING  AND  THERMAL  SENSITIVITY 
OF  MICROWAVE  HEATED  MOUSE  MAMMARY  TUMORS 

(MEETING  ABSTRACT) . (Png.)  Robinson,  J.  E.  (Div. 
Radiation  Res.,  Univ.  Maryland  Sch.  Medicine,  Bal- 
timore, MD  21201);  Cheung,  A.  Y.;  Harrison,  G.  H. ; 
Samaras,  G.  Int  0 R0Ji.1t  Biol  Phus  4(Suppl. 

2):  122;  1978.  (0  refs) 

Microwave  heating  techniques  designed  to  heat  tumors 
uniformly  In  mice  are  described.  The  technique 
employed  tissue  equivalent  boluslng  to  minimize 
size  and  shape  dependence  of  microwave  absorption, 
and  parallel  opposed  microwave  beams  to  improve 
uniformity  of  energy  deposition  within  the  tumor. 

The  techniques  were  used  to  quantitate  the  effects 
of  microwave  heating  on  mammary  carcinomas  in  C3H 
mice  under  three  conditions:  tumors  implanted  on 
the  flank  and  immersed  in  semi -sol  id  gel,  and 
flank  tumors  and  leg  tumors  immersed  in  liquid 
bolus.  All  microwave  irradiation  was  at  a fre- 
quency of  2.45  GHz.  and  treatment  temperatures 
ranged  from  37- 5 C to  44 . 0 C . Data  from  tumors 
heated  in  the  semi-solid  bolus  yielded  plots  of 
tumor-vol ume-redoubl I ng  time  versus  treatment  time 
that  were  shallower  and  had  larger  intercepts  than 
data  from  tumors  heated  in  water  baths,  which  im- 
plied thermal  non-un i formi ty  of  the  microwave 
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heated  tumors.  Plots  of  thermal  sensitivity  versus 
treatment  temperature  were  parallel  to,  but  dis- 
placed upward  from  those  obtained  with  water  bath 
heating.  The  displacement  suggested  that  at  least 
some  part  of  the  mi crowave-healed  tumors  was  about 
1 C lower  in  temperature  than  the  target  temper- 
ature. To  obviate  thermal  gradients,  tumors  were 
microwave  heated  in  a well -stirred  liquid  bolus 
(20$  ethanol  in  saline)  maintained  0.1  C below 
the  target  temperature.  Tumor  regrowth  curves 
determined  with  this  heating  technique  were  con- 
sistent with  uniform  tumor  temperature.  Plots  of 
thermal  sensitivity  versus  target  temperature 
indicated  that  all  parts  of  the  tumor  were  at  or 
slightly  above  those  heated  with  water  baths  at 
the  same  target  temperature.  Prior  to  microwave 
heating,  the  thermal  uniformity  of  leg  tumors  im- 
mersed in  the  liquid  bolus  but  not  microwave  heated 
was  studied.  Temperatures  in  the  interior  of  the 
tumor  and  adjacent  to  large  blood  vessels  were 
I C or  more  below  water  bath  temperature.  Micro- 
wave  heating  markedly  improved  the  temperature 
uniformity.  Tumor  regrowth  curves  were  consistent 
with  good  thermal  uniformity.  Because  of  the 
marked  thermal  he terogene i t v of  these  leg  tumors 
without  microwave  heating,  it  was  not  useful  to 
do  regrowth  studies  by  water  bath  heating.  There- 
fore, it  was  not  possible  to  directly  compare  the 
effects  of  microwave  and  water  bath  heating  with 
the  leg  tumors.  However,  plots  of  thermal  sensi- 
tivity of  the  microwave-heated  leg  tumors  suggested 
a lower  inherent  thermal  sensitivity  or  lower  tem- 
peratures than  with  the  waterbath  heated  flank 
tumors  with  the  same  target  temperature. 


61 S 1 REOXYGENATION  INDUCED  BY  LOCALIZED  MICRO- 

WAVE  HYPERTHERMIA  AS  AN  ADJUVANT  TO  RAD- 
IATION THERAPY  (MEETING  ABSTRACT)  . ’ Bicher, 

H.  I.  (Dept.  Radiation  Medicine,  Roswell  Park 
Memorial  Inst.,  666  Elm  St.,  Buffalo,  NY  14263); 
Hetzel,  F.  W.  ; Johnson,  R.  J.;  Mitagvaria,  N.. 
O'Hara.  M.  :»j t Raduxt  Fiol  Phut*  4(Suppl. 

2):  14S;  1978.  (0  refs) 

Tissue  oxygen  levels  (TPO;)  and  local  blood  flow 
were  determined  on  subcutaneous  tumors  in  patients 
and  in  implanted  leg  tumors  in  mice,  using  a 100  u 
tip  floating  oxygen  microelectrode  and  a local 
hydrogen  generation  method.  TP0;  and  response  to 
100$  0;  breathing  were  recorded  on  a Grass  Model  7 
polygraph,  as  well  as  temperature  changes  both  on 
tissue  surface  and  in-depth,  as  measured  with 
needle  thermocouples.  Hyperthermia  was  induced 
with  microwave  irradiation  at  the  frequency  of 
2,450  MHz.  Tumor  temperature  was  maintained  below 
40  C for  2 hr.  There  was  an  increase  in  TPO^  that 
paralleled  the  rise  In  tumor  temperature,  which 
was  sustained  throughout  the  test  period.  The 
elevation  in  TP0;  may  also  have  been  potentiated 


in  some  locations  by  the  hyperthermi a- • nduced 
increased  local  blood  flow.  In  a separate  group 
of  mice,  the  temperature  was  elevated  to  4b  C in 
tissue  and  it  was  found  that  the  TP0  decreased. 
These  findings  suggest  an  increased  tumor  blood 
flow,  depending  on  the  temperature  changes  up  to 
40  C,  with  a decrease  in  tumor  blood  flow  above 
that  temperature.  The  results  in  human  tumors 
paralleled  those  obtained  in  animals.  The  possible 
influence  of  concomi tant  metabolic  changes  re- 
ma  i ns  to  be  investigated.  The  Influence  of  micro- 
wave-induced tumor  oxygenation  on  the  TCD-  and 
regrowth  times  of  mouse  leg  tumors  treated  with 
x- 1 r rad i a 1 1 on  was  tested  on  four  groups  of  120 
mice  at  10  different  dose  levels.  One  control 
group  received  x- i rradlat Ion  alone.  The  second, 
x- i r rad  i at  i on  and  hyper  therm  i a (4,1  Cl,  the  third, 
x- i r rad i at  ion  with  hyperthermia  and  0 breathing, 
and  the  fourth,  x- 1 rrad i at  ion  and  0 breathing 
alone.  Preliminary  results  suggested  that  v*defate 
hyper  thermi  a may  cause  tumor  reow  genat  i on  . 


b 1 S4  RADIOFREQUENCY  INDUCED  HTPERThERMIA  IN 

AFTERLOADING  IRIDH'M  1^2  IMPLANTATION 
(MEETING  ABSTRACTl  . , >\y.  Mantik.  D.  (llniv. 

Southern  California  Soh.  Medicine.  Dept.  Radiation 
Medicine,  Los  Angeles,  CA  900331 ; Putter,  h.  w 
Astrahan,  M.  A.;  Norman,  A..  Roseboro,  J.  A. 

Syed,  A,  M,  N, ; tff  : . •.  s •. 

P* ; t*  4 (Suppl  . 21  2 2 S . 1 d?8.  (0  ret  si 

A system  for  radio  frequencv  current  induced  hyper  - 
thermic  fields  using  after  loading  needle  guides  as 
electrodes  was  developed  for  use  in  afterloadinq 
Iridium  the raps  to  achieve  hyperthermic  radio- 
sens  i t I zat i on . Radio  frequencv  current  patterns 
and  i sot  he  rma 1 distributions  wer e mapped . I n \ i vo 
oxygen  levels  were  measured  using  tef Ion-encased 
hydron-coated  gold  tissue  electrodes,  and  point  b\ 
point  temperature  mapping  was  performed.  Initial 
results  confirmed  a rapid  decline  in  temperature 
with  distance  from  the  electrodes,  but  the  pre- 
dicted rapid  diffusion  of  heat  from  the  implanted 
area  was  not  encountered,  and  consistent  maintenance 
of  desired  thermal  levels  was  accomplished  with  a 
temperature  regulation  system  using  an  implanted 
thermistor  at  the  geographic  center  of  the  volume 
defined  bv  the  needle  electrodes.  This  technique 
is  effective  in  producing  and  monitoring  homogeneous 
hyperthermic  fields  at  depth  without  overheating 
more  superficial  tissues.  In  addition,  monitoring 
of  oxygen  values  is  facilitated.  The  invasive 
nature  of  the  technique  is  not  an  adverse  considera- 
tion when  used  with  afterloadino  ‘ ' Iridium  implanta- 
tion. Extending  the  svstem  to  external  radiotherapy 
appl i cat  ions , however,  requires  special  Indications. 
The  technique  and  methods,  phantom,  animal , and  human 
pilot  studies  a»e  described. 
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